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DIRIGIBLE BALLOONS 


INTRODUCTION 


Of the first attempts of men to emulate the flight of birds, we 
have no knowledge, but one of the earliest, perhaps, is embodied 
in the myth of Icarus and Daedalus. Xerxes, it is said, possessed 
a throne which was drawn through the air by eagles. The Chinese 
have sometimes been given credit for the invention of the balloon, 
as they have for many other scien- 
tific discoveries. It is related that 
a balloon was sent up at Pekin in 
celebration of the ascension of the 
throne by an emperor in the be- 
ginning of the fourteenth century. 

Early Attempts. Leonardo da 
Vinci devoted some time to the 
problem of artificial flight. His 
sketches show the details of bat- 
like wings which were to spread 
out on the downward stroke and 
fold up with the upward stroke. 
Francisco de Lana planned to make 
a flying ship the appearance of which 
was somewhat like that shown in 
Fig. 1, by exhausting the air from 
metal spheres fastened to a boat. The boat was to be equipped 
with oars and sails for propulsion and guiding. The method in which 
he purposed to create the vacuum in the spheres consisted of filling 
them with water, thus driving out the air, then letting the water run 
out. He thought that if he closed the tap at the proper time, there 
would be neither air nor water in the spheres. His flying ship was 
never constructed, for he piously decided that God would never 
permit such a change in the affairs of men. 


Copyright, 1912, by American School of Correspondence. 


Fig. 1. De Lana Airboat 
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The First Flying Machine. In 1781, Meerwein of Baden, 
Germany, constructed a flying machine, and was the first, perhaps, 
to intelligently take into account the resistance of the air. He took 
the wild duck as a basis of calculation, and found that a man and 
machine weighing together}200 pounds would require a wing surface 
of from 125 to 130 square feet. It is of interest to note that Lilienthal, 
who met his death in trying to apply these principles, over one hun- 
dred years later found these figures to be correct. Two views of 
Meerwein’s apparatus are shown in Fig. 2. The construction involved 
two wood frames covered with cloth. The machine weighed 56 
pounds and had a surface area of 111 square feet. The operator 
was fastened in the middle of the under side of the wings, and over 


Fig. 2. Meerwein Fring Machine 


a rod by which he worked the wings. His attempts at flight were 
not successful, as his ideas of the power of a man were in error. 
Classification. All attempts at human flight have gone to 
show that there are four possible ways in which man may hope to 
navigate the air. He may imitate the flight of birds with a machine 
with moving or flapping wings; he may use vertical screws or helices 
to pull himself up; he may use an aeroplane and sail the air like an 
eagle; or, lastly, he may raise himself by means of a gas bag and 
either drift with the wind or move forward by means of propellers. 
In these attempts, apparatus of several different types has been 
developed. The types are classed in two general divisions based 
on their weight relative to that of the atmosphere, viz, the lighter- 
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than-air machines and the heavier-than-air machines. Lighter-than- 
air machines are those which employ a bag filled with a gas whose 
specific gravity is sufficiently less than that of the air to lift the bag 
and the necessary attachments from the earth, and include simple 
balloons and dirigibles. Heavier-than-air machines, which will 
neither rise nor remain in the air without motive power, include all 
forms of aeroplanes. 


SIMPLE BALLOONS 


Theory. The balloon-like airship has been more highly developed 
than any other type of aerial craft, probably because it offers the 
most obvious means of overcoming the force of gravitation. It 
depends on the law of Archimedes: 

“Every body which 1s immersed in a fluid is acted upon by an 
upward force, exactly equal to the weight of the fluid displaced by the 
immersed body.” 

That is, a body will be at rest if immersed in a fluid of equal 
specific gravity or equal weight, volume for volume; if the body has 
less specific gravity than the fluid in which it is immersed it will 
rise; if it has a greater specific gravity it will sink. Therefore, if 
the total weight of a balloon is less than the weight of all the air it 
displaces it will rise in the air. It is, then, necessary to fill the balloon 
with some gas whose specific gravity is enough less than that of the 
air to make the weight of the gas itself, the bags, and the attach- 
ments, less than the weight of the air displaced by the whole appa- 
ratus. The gases usually employed are hydrogen, coal gas, and hot 
air. 

At atmospheric pressure and freezing temperature, the weight 
of a cubic foot of air is about .08 pound; the weight of a cubic foot 
of hydrogen is about .005 pound, under the same conditions. Accord- 
ing to the law of Archimedes, a cubic foot of hydrogen would be 
acted upon by a force equal to the difference, or approximately .075 
pound, tending to move it upwards. In the same way, a cubic foot 
of coal gas, which weighs .04 pound, would be acted upon by an 
upward force of .04 pound. 

It is evident, then, that a considerable volume of gas is required 
to lift a balloon with its envelope, net, car, and other attachments, 
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Further, it requires almost twice as much. coal gas as hydrogen, 
under the same conditions, for we have seen that the upward force 
on it is only half as great. The lifting power of hot air is less than 
one-eighth as great as that of hydrogen at the highest temperature 
that can possibly be used in a 
balloon. 

The general type of lighter- 
than-air machines may be divided 
into aerostats (ordinary balloons, 
which are entirely dependent on 
wind currents for lateral move- 
ment, and which are often the 
chief features at country fairs) 
and dirigible balloons or aeronats 
(air swimmers). Dirigible bal- 
loons employ. the gas bag for 
maintaining buoyancy, and have 
rudders to guide them and pro- 
pellers to drive them forward 
through the air in much the 
same way that ships are driven 
through the water. 

The First Balloon. For several 
years, Joseph and Steven Mont- 
golfier had been experimenting 
with a view to constructing a bal- 
loon: in the first place by filling 
bags with steam; then by filling 
bags with smoke, and finally by 
filling bags with hydrogen. These attempts were all failures, for the 
steam rapidly condensed and the smoke and hydrogen leaked through 
the pores in the bags. They finally hit upon the idea of filling the 
bag with hot air, by means of a fire under its open mouth. Several 
balloons were burned up, but the next was always made larger, until, 
at their first public exhibition on June 5, 1783, the bag had become 
over 35 feet in diameter. On this occasion, it rose to a height of 
between 900 and 1,000 feet, but the hot air was gradually. escaping, 
and at the end of ten minutes the balloon fell to the ground. 
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The Montgolfiers then went to Paris, where, after suffering 
the loss of a paper balloon by rain, they sent up a waterproofed linen 
one carrying a sheep, a duck, and a rooster ina basket. A rupture in 
the linen caused the three unwilling aeronauts to make a landing 
at the end of about ten minutes. The Montgolfiers received great 
honor, and small balloons of this type became a popular fad. One 
of these balloons is shown in Fig. 3, making an ascension. 

Rozier. The first man to go up in a balloon was Rozier, who 
ascended in a captive balloon to a height of about 80 i in the 
latter part of the year 1783. Later, in KX 
company with a companion, he made a RR 
voyage in a free balloon, remaining in the 
air about half an hour. In these balloons, 
the air within was kept hot by means of @rtll | | 1) yy) rn | 
a fire carried in a pan immediately below | 
the mouth of the bag, as shown in Fig. 4. 
Accidents were numerous on account of 
the fabric becoming ignited from the fire 
in the pan. 

Improvements by Charles. The phys- 
icist, Charles, was working along these lines 
at the same time. He coated his balloon 
with a rubber solution to close up the 
pores, and was thereby enabled to sub- 
stitute hydrogen for the hot air. Shortly 
after the Montgolfiers’ first public exhibi- 
tion, Charles sent up his balloon for the benefit of the Academie des 
Sciences in Paris. The balloon, which weighed about 19 pounds, 
ascended rapidly in the air and disappeared in the clouds, where it 
burst and fell in a suburb of the city. The impression produced upon 
the peasants at seeing it fall from the heavens was hardly different 
from what could be expected. They believed it to be of devilish ori- 
gin, and immediately tore it into shreds. Charles subsequently built a 
large balloon quite similar to those in use today. A net was used to 
support the basket, and a valve, operated by means of ropes from the 
basket, was arranged at the top to permit the gas to escape as desired. 

The Balloon Successful. The English Channel was first crossed 
‘in 1785. Blanchard, an Englishman, and Jeffries, an American, 


Fig. 4. Rozier Hot-Air Balloon 
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started from Dover on January 7 in a balloon equipped with wings 
and oars. After a very hazardous voyage, during which they had 
to cast overboard everything movable to keep from drowning, they 
landed in triumph on the French coast. 

, An attempt to duplicate this feat was made shortly afterward by 
Rozier. He constructed a balloon filled with hydrogen, below which 
hung a receiver in which air could be heated. He hoped to replace 
by the hot air the losses due to leakage of hydrogen. Soon after the 
start the balloon exploded, due to the escaping gas reaching the fire, 
and Rozier and his companion were dashed on the cliffs and killed. 


EARLY DIRIGIBLES 


Meusnier the Pioneer. The fact that the invention of the 
dirigible balloon and means of navigating it were almost simultane- 
ous is very little known today and much less appreciated. Like 
the aeroplane, its development was very much retarded by the lack 
of suitable means of propulsion, and the actual history of what has 
been accomplished in this field dates back only to the initial circular - 
flight of La France in 1885. Still the principles upon which success 
has been achieved were laid down within a year of the appearance 
of Montgolfier’s first gas bag. Lieutenant Meusnier, who subse- 
quently became a general in the French army, must really be credited 
with being the true inventor of aerial navigation. At a time when 
nothing whatever was known of the science, Meusnier had the dis- 
tinction of elaborating at one stroke all the laws governing the 
stability of an airship, and calculating correctly the conditions of 
equilibrium for an elongated balloon, after having strikingly demon- 
strated the necessity for this elongation. This was in 1784 and Meus- 
nier’s designs and calculations are still preserved in the engineering 
section of the French War Office in the form of drawings and tables. 

But as often proved to be the case in other fields of research, 
his efforts went unheeded. How marvelous the establishment of 
these numerous principles by one man in a short time really is, can 
be appreciated only by noting the painfully slow process that has 
been necessary to again determine them, one by one, at considerable 
intervals and after numerous failures. Through not following the 
lines which he laid down, aerial navigation lost a century in futile 
groping about; in experiments absolutely without method or sequence, 
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Meusnier’s designs covered two dirigible balloons and that he 
fully appreciated the necessity for size is shown by the dimensions 
of the larger, which unfortunately was never built. This was to be 
260 feet long by 130 feet in diameter, in the form of an ellipse, the 
elongation being exactly twice the diameter. In other words, a perfect 
ellipsoid, which was a logical and, in fact, the most perfect develop- 
ment of the spherical form. Although increased knowledge of wind 
resistance and the importance of the part it plays has proved his 
relative dimensions to be faulty, a study of the principal features 
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Fig. 5. Meusnier Dirigible Balloon 


of his machine shows that he anticipated the present-day dirigible 
of the most successful type at practically every point, barring, of 
course, the motive power, as there was absolutely nothing available 
in that day except human effort. As the latter weighs more than 
one-half ton per horse-power, it goes without saying that Meusnier’s 
balloon would have been dirigible only in a dead calm. 

He adopted the elongated form, conceived the girth fastening, 
“the triangular or indeformable suspension, the air balloonet and its 
pumps, and the screw propeller, all of which are to be found in the 
dirigibles of present-day French construction, Fig. 5. It need scarcely 
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be added that the French have not only devoted a greater amount 
of time and effort to the development of the dirigible than any other 
nation, but have also met with the greatest success in its use. It 
was not until 1886, or more than a century after Meusnier had first 
elaborated those principles, that their value became known. They 
were set forth by Lieutenant Letourne, of the French engineers, in 
a paper presented to the Academie des Sciences by General Perrier. 

In one form or another, the salient features of Meusnier’s diri- 
gible will be found embodied in the majority of attempts of later 
days. His large airship was designed to consist of double envelope, 
the outer container of which was to provide the strength necessary, 
and it was accordingly reinforced by bands. ‘The inner envelope was 
to provide the container for the gas and was not called upon to sup- 
port any weight. This inner bag or balloon proper was designed 
to be only partially inflated and the space between the two was to be 
occupied by air which could be forced into it at two points at either 
end, by pumps, so as to maintain the pressure on the gas bag uniform 
regardless of the expansion or contraction of its contents. Here in 
principle was the air balloonet of today. Instead of employing a net 
to hang the car from the outer envelope, the former was attached 
by means of a triangular suspension system fastened to a heavy rope 
band, or girth, encircling the outer envelope. At the three points 
where the lifting rope members met, a shaft running the length of 
the car and carrying what Meusnier described as “revolving oars” 
was installed. These constituted the prototype of the screw pro- 
peller, invented for aerial navigation at a time long antedating the 
use of steam for marine use. Thus he devised: (1) The air balloonet 
to husband the gas supply and thus prevent the deformation of the 
outer container or support, as well as to provide stability; (2) the 
triangular suspension to attain longitudinal stability; and (3) the 
screw propeller for propulsion, beside selecting the proper location 
for the latter. 


PROBLEMS OF THE DIRIGIBLE 


Ability to Float. If ability to rise in the air depended merely 
upon a knowledge of the principle that made it possible, it undoubt- 
edly would have been accomplished many centuries ago. As already 
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mentioned, Archimedes established the fact that a body upon float- 
ing in a fluid displaces an amount of the latter equal in weight to 
the body itself, and upon this theory was formulated the now well- 
known law, that every body plunged into a fluid is subjected by this 
fluid to a pressure from below, equivalent to the weight,of the fluid 
displaced by the body. Consequently, if the weight of the latter 
be less than that of the fluid it displaces, the body will float. It is - 
by reason of this that the iron ship floats and the fish swims in water. 
If the weight of the body and the displaced water be the same, the 
body will remain in equilibrium in the water at a certain level, and 
if that of the body be greater, it will sink. All three of these factors 
are iound in the fish, which, with the aid of its natatory gland, can 
rise to the surface, sink to the bottom, or remain suspended at differ- 
ent levels. To accomplish these changes of specific gravity, the fish 
fills this gland with air, dilating it until full, or compressing and 
emptying it. In this we find a perfect analogy to the air baliconet 
of the dirigible, which serves the same purposes. The method by 
which lifting power is obtained in the dirigible is exactly the same 
as in the case of the balloon. 

But once in the air, a balloon is, to all intents and purposes, 
a part of the atmosphere. There is absolutely no sensation of move- 
ment, either vertically or horizontally. The earth appears to drop 
away from beneath and to sweep by horizontally, and regardless of 
how violently the wind may be blowing, the balloon is always in a 
dead calm because it is really part of the wind itself and is traveling 
with it at exactly the same speed. If it were not for the loss of lift- 
ing power through the expansion and contraction of the gas, making 
it necessary to permit its escape in order to avoid rising to incon- 
venient heights on a very warm day, and the sacrifice of ballast to 
prevent coming to earth at night, the ability of a balloon to stay up 
would be limited only by the endurance of its crew and the quantity 
of provisions it was able to transport. As the use of air balloonets 
in the dirigible takes care of this, the question of lifting power presents 
no particular difficulty. It is only a matter of providing sufficient 
gas to support the increased weight of the car, motor and its acces- 
sories, and the crew of the larger vessel, with a factor of safety to 
allow for emergencies, in order to permit of staying in the air long 
enough to make a protracted voyage. 
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Air Resistance vs. Speed. Unless a voyage is to be governed 
in its direction entirely by the wind, the dirigible must possess a 
means of moving contrary to the latter. The moment this 1s 
attempted, resistance is encountered, and it is this resistance of the 
air that is responsible for the chief difficulties in the design of the 
dirigible. To drive it against the wind, it must have power; to sup- 
port the weight of the motor necessary, the size of the gas bag must 
be increased. But with the increase in size, the amount of resistance 
is greatly multiplied and the power to force it through the air must 
be increased correspondingly. The law is approximately as follows: 

Where the surface moves in a line perpendicular to its plane, the 
resistance is proportional to the extent of the surface, to the square of 
the speed with which the surface is moved through the air, and to a 
coefficient, the mean value of which is 0.125. 

This coefficient is a doubtful factor, the figure given having been 
worked out years ago in connection with the propulsion of sailing 
vessels. Its value varies according to later experimenters between 
.08 and .16, the mean of the more recent investigations of Renard, 
Eiffel, and others who have devoted considerable study to the matter, 
being .08. This is dwelt upon more in detail under ‘‘Aerodynamics”’ 
and it will be noted that the values of the coefficient K, given here, 
do not agree with those stated in that article. They serve, how- 
ever, to illustrate the principles in question. 

In accordance with this law, doubling the speed means quad- 
rupling the resistance of the air. For instance, a surface of 16 square 
feet moving directly against the air at a speed of 10 feet per second 
will encounter a resistance of 16100 (square of the speed) 0.125 
= 200 pounds pressure. Doubling the speed, thus bringing it up 
to 20 feet per second, would give the equation 16 X 400 X 0.125 =800 
pounds pressure, or with the more recent value of the coefficient 
of .08, 512 pounds pressure. The first consideration is accord- 
ingly to reduce the amount of surface moving at right angles.’ The 
resistance of a surface having tapering sides which cut through or 
divide the molecules of air instead of allowing them to impinge 
directly upon it, is greatly diminished; hence, Meusnier’s principle 
of elongation. If we take the same panel presenting 16 square feet 
of surface and build out on it a hemisphere, its resistance at a speed 
of 10 feet per second will be exactly half, or a pressure of 100 pounds, 
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By further modifying this so as to represent a sharp point, or acute- 
angled cone, it will be 38 pounds. There could accordingly be no 
question of attempting 
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as possible to the air as 
the balloon advances, 
while preserving themax- 
imum lifting power. But 
experience has strikingly 
demonstrated the analogy between marine and aerial practice—not 
only is the shape of the bow of the vessel of great importance but, 
likewise, the stern. The profile of the latter may permit of an easy 
reunion of the molecules of air separated by the former, or it may 
allow them to come together again suddenly, clashing with one an- 
other and producing disturbing eddies just behind the moving body. 
To carry the comparison with a marine vessel a bit further, the form 
must be such as to give an easy “shear,” or sweep from stem to 
stern. 

That early investi- 
gators appreciated this is 
shown by the fact that 
Giffard in 1852, Fig. 6, 
De Léme in 1872, Fig. 7, 
Tissandier in 1884, and 
Santos-Dumont in his 
numerous attempts, a- 
dopted a spindle-shaped 
or “fusiform”’ balloon. In 
other words, their shape, 
equally pointed at either 
end, was symmetrical in 
relation to their central plan. However, that the shape best 
adapted to the requirements of the bow did not serve equally well 
for the stern, was demonstrated for the first time by Renard, to 


Fig. 6. Giffard Dirigible 
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Fig. 7. De Léme Dirigible 
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whom credit must be given for a very large part of the scientific 
development of the dirigible. Almost a century earlier, Marey- 
Monge had laid down the principle that to be successfully pro- 
pelled through the air, the balloon must have “‘the head of a cod 
and the tail of a mackerel.’’ Nature exemplifies the truth of this 
in all swiftly moving fishes and birds. Renard accordingly adopted 
what may best be termed the ‘“‘pisciform” type, viz, that of a dis- 
symmetrical fish with the larger end serving as the bow; and the 
performances of the Renard, Lebaudy, and Clement-Bayard airships 
have shown that this is the most advantageous form. 

The pointed stern prevents the formation of eddies and the 
creation of a partial vacuum in the wake which would impose addi- 
tional thrust on the bow. Zeppelin has disregarded this factor by 
adhering to the purely cylindrical form with short hemispherical 
bow and stern, but it is to be noted that while other German inves- 
tigators originally followed this precedent, they have gradually 
abandoned it, owing to the noticeable retarding effect. 

Critical Size of Bag. Next in importance to the best form to 
be given the vessel, is the most effective size—something which has 
a direct bearing upon its lifting power. This depends upon the 
volume, while the resistance is proportional to the amount of sur- 
face presented. Greater lifting power can accordingly be obtained 
by keeping the diameter down and increasing the length. But the 
resistance is also proportionate to the square of the speed, while 
the volume, or lifting power, varies as the cube of the dimensions 
of the container, so that in doubling the latter, the resistance of the 
vessel at a certain speed is increased only four times while its lifting 
capacity is increased eight times. Consequently the larger dirigible 
is very much more efficient than the smaller one since it can carry 
so much more weight in the form of a motor and fuel in proportion 
to its resistance to the air. As an illustration of this, assume a rec- 
tangular container with square ends | foot each way and 5 feet long. 
Its volume will be 5 cubic feet and if the lifting power of the gas be 
assumed as 2 pounds per cubic foot, its total lifting power will be 5 
pounds.. If a motor weighing exactly 5 pounds per horse-power 
be assumed, it will be evident that the motor which such a balloon 
could carry would be limited to 1 horse-power, neglecting the weight 
of the container. 
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Double these dimensions and the container will then measure 
2X 2X10 feet, giving a volume of 40 cubic feet, and a lifting power, on 
the basis already assumed, of a motor capable of producing 8 horse- 
power, and this without taking into consideration that as the size 
of the motor increases, its weight per horse-power decreases:4 The 
balloon of twice the size will thus have a motor of 8 horse-power to 
overcome the resistance of the head-on surface of 4 square feet, or 
2 horse-power per square foot of transverse section, whereas the 
balloon of half the size will have only 1 horse-power per square foot 
of transverse section. It is, accordingly, not practicable to construct 
small dirigibles such as the various airships built by Santos-Dumont 
for his experiments, while, on the other hand, there are numerous 
limitations that will be obvious, restricting an increase in size beyond 
a certain point, as has been shown by the experience of the various 
Zeppelin airships. 

To make it serviceable, what Berget terms the ‘independent 
speed”’ of a dirigible, i.e., its power to move itself against the wind, 
must be sufficient to enable it to travel under normally prevailing 
atmospheric conditions. These naturally differ greatly in different 
countries and in different parts of the same country. Where mete- 
orological tables showed the prevailing winds in a certain district 
to exceed 15 miles an hour throughout a large part of the year, it 
would be useless to construct an airship with a speed of 15 miles 
an hour or less for use in that particular district, as the number 
of days in the year in which one could travel to and from a certain 
starting point would be limited. This introduces anotker factor 
which has a vital bearing upon the size of the vessel.. Refer to the 
figures just cited and assume further that by doubling the dimensions 
and making the airship capable of transporting a motor of 8 horse- 
power, it has a speed of 10 miles an hour. It is desired to double this. 
But the resistance of the surface presented increases as the square of 
the speed. Hence, it will not avail merely to double the power of 
the motor. Experience has demonstrated that the power necessary 
to increase the speed of the same body, increases in proportion to 
the cube of the speed, so that instead of a 16-horse-power motor in the 
case mentioned, one of 64 horse-power would be needed. There are, 
accordingly, a number of elements that must be taken into considera- 
tion when determinirg the size as well as the shape of the balloon. 
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Fabric and Color. As the gas is frequently under considerable 
pressure when the balloon expands under ‘the influence of the suns’ 
heat, a great deal of experiment has been necessary to find the best 
class of fabric for the making of the envelope. Under the pressure, 
an ordinary fabric would stretch and permit the escape of a large 
percentage of the gas. It has been found impossible to weave any 
fabric that will be close enough to hold hydrogen under pressure, 
so that recourse is had to a combination of cloth and rubber. The 
cloth is an extremely fine weave of cotton even lighter and closer 
than the best of racing yacht duck, and it is combined with rubber 
under heavy pressures. Three layers of this rubberized fabric are 
cemented together to form what is known as “balloon cloth,”’ which 
is about as impermeable a material as can be made without involv- 
ing undte weight. The necessity of using rubber in it has intro- 
duced a complication, it having been found by experiment that 
rubber is strongly attacked by the ultra-violet rays of sunlight, 
which probably accounts for the fact that balloon envelopes are 
usually found more or less damaged after a high ascension, the 
influence of these rays being much greater at the higher altitudes. 
To offset this, experiments are being made in the introduction of 
coloring matter in the fabric, some envelopes having been dyed 
yellow and others red. M. Reynaud, who has conducted a series 
of experiments illustrating the damage suffered by rubber when 
subjected to the light of a mercury vapor lamp with a quartz tube, 
which is a powerful source of such rays, recommends red as absorb- 
ing both the violet and blue rays. 

Static Equilibrium. Having settled upon the size and shape, 
there must be an appropriate means of attaching the car to carry 
the power plant, its accessories and control, and the crew. While 
apparently a simple matter, this involves one of the most important 
elements of the design—that of stability. A long envelope of com- 
paratively small diameter being necessary for the reasons given, 
it is essential that this be maintained with its axis horizontal. In 
calm air, the balloon, or container, is subjected to the action of 
two forces: One is its weight, applied to the center of gravity of 
the system formed by the balloon, its car, and all the supports; 
the other is the thrust of the air, applied at a point known as the 
center of thrust and which will differ with different designs, accord- 
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ing as the car is suspended nearer or farther away from the balloon. 
If the latter contained only the gas used to inflate it, with no car 
or other weight to carry, the center of gravity and the center of 
thrust would coincide, granting that the weight of the envelope were 
negligible. As this naturally can not be the case, these forces are 
not a continuation of each other. But as they must necessarily be 
equal if the balloon is neither ascending nor descending, it follows 
that they will cause.the balloon to turn until they are a continua- 
tion of each other, and in the case of a pisciform balloon, this will 
cause it to tilt downward. Like a ship with too much cargo for- 
ward, it would be what sailors term “down at the head.” 

As this would be neither convenient nor compatible with rapid 
propulsion, it must be avoided by distributing the weight along the 
car in such a manner that when the balloon is horizontal, the forces 
represented by the pressure above and the weight below, must be in 
the same perpendicular. This is necessary to insure static equilibrium, 
or a horizontal position while in a state of rest. To bring this about, 
the connections between the car and the balloon must always main- 
tain the same relative position, which is further complicated by the 
fact that they must be flexible at the same time. 

Longitudinal Stability. But the longitudinal stability of the 
airship as a whole must be preserved, and this also involves its 
stability of direction. Its axis must be a tangent to the course it 
describes, if the latter be curvilinear, or parallel with the direction 
of this course where the course itself is straight. This is apparently 
something which should be taken care of by the rudder, any ten- 
dency on the part of the airship to diverge from its course being cor- 
rected by the pilot. But a boat that needed constant attention to 
the helm to keep it on its course would be put down as a “cranky” 
—in other words, of faulty design in the hull. A dirigible having 
the same defect would be difficult to navigate, as the rudder alone 
would not suffice to correct this tendency in emergencies. Stability 
of direction is, accordingly, provided for in the design of the balloon 
itself, and this is the chief reason for adopting the form of a large- 
headed and slender-bodied fish, as already outlined. This brings 
the center of gravity forward and makes of the long tail an effective 
lever which overcomes any tendency of the ship to diverge from the 
course it should follow, by causing the resistance of the air itself to 
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bring it back into line. However, the envelope of the balloon itself 
would not suffice for this, so just astern of the latter, “stabilizing 
surfaces” are placed,consisting of vertical planes fixed to the envelope. 
These form the keel of the dirigible and are analogous to the keel of 
the ship. Stability of direction is thus obtained naturally without 
having constant recourse to the rudder, which is employed only 
to alter the direction of travel. 

The comparison between marine and aerial navigation must be 
carried even further. These vertical planes, or “keel,” prevent 
rolling; it is equally necessary to avoid pitching—far more so than 
in the ease of a vessel in water. So that while the question of sta- 
bility of direction is intimately connected with longitudinal stability, 
other means are required to insure the latter. The airship must 
travel on an “even keel,’ except when ascending or descending, 
and the latter must be closely under the control of the pilot, as 
otherwise the balloon may incline at a dangerous angle. This shows 
the importance of an unvarying connection between the car and the _ 
envelope to avoid defective longitudinal stability. Assume, for 
instance, that the car is merely attached at each end of a single 
line. The car, the horizontal axis of the balloon, and the two sup- 
ports would then form a rectangle. When in a state of equilibrium 
the weight and the thrust are acting in the same line. Now suppose 
that the pilot desires to descend and inclines the ship downward. 
The center of gravity is then shifted farther forward and the two 
forces are no longer in line. 

_ But as the connections permit the car to swing in a vertical 
plane, they permit the latter to move forward and parallel with the 
balloon, thus forming a parallelogram instead of a rectangle. This 
causes the center of gravity to shift even farther, and as one of the 
most serious causes of longitudinal stability is the movement of the 
gas itself, it would also rush to the back end and cause the balloon 
to “stand on its head.”” As the tendency of the gas is thus to aug- 
ment any inclination accidentally produced, the vital necessity of 
providing a suspension that is incapable of displacement with rela- 
tion to the balloon is evident. Here is where the importance of Meus- 
nier’s conception of the principle of triangular suspension comes in. 
Instead of being merely supported by direct vertical connections 
with the balloon, the ends of the car are also attached to the 
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opposite ends of the envelope, forming opposite triangles. This gives 
an unvarying attachment, so that when the balloon inclines, the car 
maintains its relative position, and the weight no longer being a pro- 
longation of the thrust, the two forces tend to pull each other back 
in the same line, or, in other words, to “trim ship.” Granting a 
proper form of balloon or gas container to start with, it will be evi- 
dent that due attention to the principles just outlined will produce 
a vessel that will not only hold to its course without fatiguing the 
pilot, but that will also not be subject to a tendency to pitch or roll. 
As air is much easier to displace than water, it will be evident that 
either of these characteristics would be far more dangerous in an 
airship than in a marine vessel and they would naturally be suf- 
ficient to condemn it, even in the absence of other shortcomings. 

Dynamic Equilibrium. In addition to being able to preserve 
its static equilibrium and to possess proper longitudinal stability, 
the successful airship must also maintain its dynamic equilibrium— 
the equilibrium of the airship in motion. This may be made clear 
by referring to the well-known expedients adopted to navigate 
the ordinary spherical balloon. To rise, its weight is diminished by 
gradually pouring sand from the bags which are always carried as 
ballast. To descend, it is necessary to increase the total weight of 
the balloon and its car, and the only method of accomplishing this 
is to permit the escape of some of the gas, the specific lightness 
of which constitutes the lifting power of the balloon. As the gas 
escapes, the thrust of the air on the balloon is decreased and it 
sinks—the ascensional effort diminishing in proportion to the 
amount of gas that is lost. The balloon, or the container itself, 
being merely a spherical bag, on the upper hemispherical half of 
which the net supporting the car presses at all points, the question 
of deformation is not a serious one. Before it assumed propor- 
tions where the bag might be in danger of collapsing, the balloon 
would have had to come to earth through lack of lifting power 
to longer sustain it. Owing to its far greater size, as well as to the 
- form of the surface which it presents to the air pressure, such a crude 
method is naturally not applicable to the dirigible. 

Dynamic equilibrium must take into account not only its weight 
and the sustaining pressure of the air, but also the resistance of the 
air exerted upon its envelope. This resistance depends upon the 
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dimensions and the shape of that envelope, and in calculations the 
latter is always assumed to be invariable. Assume, for instance, 
that to descend the pilot of a dirigible allowed some of the hydrogen 
gas to escape. <s the airship came down, it would have to pass 
through strata of air of constantly increasing pressure as the earth 
is approached. The reason for this will be apparent as the lower 
strata bear the weight of the entire atmosphere above them. The 
confined gas will no longer be sufficient to distend the envelope, 
the latter losing its shape and becoming flabby. As the original 
form is no longer retained, the center of resistance of the air will 
likewise have changed together with the center of thrust, and the 
initial conditions will no longer obtain. But as the equilibrium of 
the airship depends upon the maintenance of these conditions, it 
will be lost if they vary. 

Function of Balloonets. In the function of balloonets is realized 
the importance of the principle established by Meusnier. It was 
almost a century later before it was rediscovered by Dupuy de Léme 
in connection with his attempts to make balloons dirigible. That 
the balloon must always be maintained in a state of perfect infla- 
tion has been pointed out. But gas is lost in descents and to a 
certain extent, through the permeability of the envelope. Unless 
it is replaced, the balloon will be only partially inflated. In view 
of the great volume necessary, it requires no explanation to show 
that it would be impossible to replace the gas itself by fresh hydrogen 
carried on the car. It would have to be under high pressure and 
the weight of the steel cylinders as well as the number necessary to 
transport a sufficient supply would be prohibitive. Hence, Meus- 
nier conceived the idea of employing air. But this could not be 
pumped directly into the balloon to mix with the hydrogen gas, 
as the resulting mixture would not only still be as inflammable as 
the former alone, but it would also contain sufficient oxygen to 
create a very powerful and infinitely more dangerous explosive. 
This led to the adoption of the air balloonet. 

In principle the balloonet consists of dividing the interior of the 
envelope into two cells, the larger of which receives the light gas 
while the smaller is intended to hold air and terminates in a tube 
extending down to a pump in the car. In other words, a fabric 
partition adjacent to the lower part of the envelope inside and sub- 
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ject to deformation at will. In actual practice it consists of a num- 
ber of independent cells of this kind, longitudinally disposed along 
the lower half of the interior of the envelope, as in the case of Well- 
man’s “America,” which was equipped with a number of air bal- 
loonets, the location of which may be noted by referring to the 
illustrations of this airship, Fig. 19. 

When the balloon is completely inflated with hydrogen, as at 
the beginning of an ascent, these balloonets lie flat against the lower 
part of the envelope, exactly like a lining. As the airship rises, the 
gas expands owing to the reduction in atmospheric pressure at a 
higher altitude, as well as to the influence of heat. With the increase 
in pressure, uniform inflation is maintained by the escape of a cer- 
tain amount of gas through the automatic valves provided for the 
purpose. Unless this took place, the internal pressure might assume 
proportions placing the balloon in danger of blowing up. To avoid 
this, a pressure gauge communicating with the gas compartment 
is one of the most important instruments on the control board of 
the car, and should its reading indicate a failure of the automatic 
valves, the pilot must reduce the pressure by operating a hand 
valve. But as the car descends, the increased external pressure 
causes a recontraction of the gas until it no longer suffices to fill the 
envelope. To replace the loss the air pumps are utilized to force 
air into the air balloonets until the sum of the volumes of gas and 
air in the different compartments equals the original volume. In 
this manner, the initial conditions, upon which the equilibrium of 
the airship is based, are always maintained. 

This is not the only method of correcting for change in volume, 
nor of maintaining the longitudinal stability of the whole fabric, 
the importance of which has already been detailed, but experience 
has shown that it is the most practical. It is possible to give the 
balloon a rigid frame over which the envelope is stretched and to 
attach the car by means of a rigid metal suspension, as in the various 
Zeppelin airships, or to take it semi-rigid, as in the Gross, another 
German type in which Zeppelin’s precedent was followed only in 
the case of the suspension. To prevent deformation by this means, 
the balloon is provided with an absolutely rigid skeleton of aluminum 
tubes. This framing is in the shape of a number of uniform cykin- 
drical sections, or gas compartments, each one of which accom- 
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modates an independent balloon, while over the entire frame a very 
strong but light fabric constituting the outer or protecting envelope 
is stretched taut. The idea of the numerous independent balloons 
is to insure a high factor of safety as the loss of the entire contents 
of two or three of them through accident would not dangerously 
affect the lifting power of the whole. Apart from its great expense, 
the rigid nature of this construction makes it a delicate thing to 
handle on the ground, as witness the numerous wrecks that have 
attended the landings of the huge, non-flexible mass. To minimize 
this risk in. starting, its “home port” had to be made in the form of 
a floating shed, anchored only at one end so that the ship could always 
emerge to “leeward.” 

The system of air balloonets has accordingly been adopted by 
every other designer, in variously modified forms, as illustrated by 
the German dirigible Parseval, in which but two air bags were 
employed; one at either end. They were interconnected by an external 
tube to which the air-pump discharge was attached, and were also 
operated by a counterbalancing system inside the gas bag, by means 
of which the inflation of one balloonet, as the after one, for example, 
caused the collapse of the other. 

Influence of Fish Form of Bag. But a condition of dynamic 
equilibrium can not be obtained with the combined aid of the pre- 
cautions already noted to secure longitudinal stability and that of 
the air balloonet in maintaining uniform inflation. Why this is so 
will be clear from a simple example. If a simple fusiform or spindle- 
shaped balloon be suspended in the air in a Horizontal plane, the 
axis of which passes through its center of gravity, it would be prac- 
tically pivoted on the latter and would be extremely sensitive to 
influences tending to tilt it up or down. It would be in a state of 
“Sndifferent” longitudinal equilibrium. As long as the axis of the bal- 
loon remains horizontal and the air pressure is coincident with that 
axis, it will be in equilibrium, but an equilibrium essentially unstable. 
Experiment proves that the moment the balloon inclines from 
the horizontal in the slightest degree, there is a strong tendency 
for it to revolve about its center of gravity until it stands vertical 
to the air current, or is standing straight up and down. This, of 
‘course, refers to the balloon alone without any attachments. Such 
a tendency would be fatal, amounting as it does to absolute instability. 
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If instead of symmetrical form, tapering toward both ends, a 
pisciform balloon be tried, it will still evidence the same tendency, 
but in greatly diminished degree. This is not merely the theory 
affecting its stability but represents the findings of Col. Charles 
Renard, who undoubtedly did more to formulate the exact laws 
governing the stability of a dirigible than any other invéstigator in 
this field. His data is the result of a long and methodically carried 
out series of experiments. In the case of the pisciform balloon, the 
disturbing effect is due in unequal degree, to the diameter of the 
balloon and its inclination and speed, whereas the steadying effect 
depends upon the inclination and diameter, but not 6n the speed. 
The disturbing effect, therefore, depends solely on the speed and 
augments very rapidly as the speed increases. It will, accordingly, 
be apparent that there is a certain speed for which the two effects 
are equal, and beyond which the disturbing influence, depending on 
speed, will overcome the steadying effect. 

To this rate of travel, Renard applied the term “critical speed,” 
and when this is exceeded the equilibrium of the balloon becomes 
unstable. To obtain this data, keels of varying shapes and dimen- 
sions were submitted to the action of a current of air, the force of 
which could be varied at will. In the case of the La France, the first 
fish-shaped dirigible, the critical speed was found to be 10 meters, 
or approximately 39 feet per second, a speed of 21.6 miles per hour, 
and a 24-horse-power motor suffices to drive the airship at this rate 
of travel. But the internal combustion motor is now so light that 
a dirigible of this type could easily lift a motor capable of generating 
80 to 100 horse-power. With this amount of power, its theoretic 
speed would be 50 per cent greater, or 33 miles an hour. But this 
could not be accomplished in practice as long before it was reached 
the stability would become precarious. As Colonel Renard observed 
in the instance just cited, “If the balloon were provided with a 100- 
horse-power motor, the first 24 horse-power would make it go and 
the other 76 horse-power would break our necks.”’ 

Steadying Planes. It is accordingly necessary to adopt a further 
expedient to insure stability. This takes the form of a system of 
rigid planes, both vertical and horizontal, located in the axis of the 
balloon and placed a considerable distance to the rear of the center 
of gravity. With this addition, the resemblance of the after end of 
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the balloon to the feathering of an arrow is apparent, while its pur- 
pose is similar to that of the latter. For this reason, these steadying 
planes have been termed the empennage, which is the French equiva- 
lent of “arrow feathering,” while its derivative empennation is 
employed to describe the counteraction of this disturbing effect. 
In the La France, which measured about 230 feet in length by 40 
feet in diameter, the area of the planes required to accomplish this 
was 160 square feet, and the planes themselves were placed almost 100 
feet to the rear of the center of gravity. By referring to the 
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illustrations of the various French airships, the various developments 
in the methods of accomplishing this will be apparent. 

In the Lebaudy balloon, it took the form of planes attached to 
the framework between the car and the balloon. In La Patrie 
and La Republique, the resemblance to the feathered. arrow was 
completed by attaching four planes in the form of a cross directly 
to the stern of the balloon itself. But as weight, no matter how slight, 
is a disturbing factor at the end of a long lever, such as is represented 
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by the balloon, Renard devised an improvement over these method. 
by conceiving the use of hydrogen balloonets as steadying planes. 
This idea was first embodied in La Ville de Paris, Fig. 8,,in the form 
of cylindrical balloonets, and as conical balloonets on the Clement- 
Bayard. These balloonets communicate with the gas chamber proper 
of the balloon and consequently exert a lifting pressure which com- 
pensates for their weight, so that they no longer have the draw- 
back of constituting an unsymmetrical supplementary load. Zep- 
pelin provides for dynamic stability by the use of an extremely 
long car along the length of which a considerable weight in con- 
centrated form may be displaced to counteract any tendency to tilt. 
This, however, has the disadvantage of placing a great: and com- 
paratively useless additional burden on the lifting power of the car, 
and is neither simple nor automatic in its action, as is the empennage. 
Location of Propeller. The final factor of importance in the 
design of the successful dirigible, is the proper location of the pro- 
pulsive effort with relation to the balloon. Theoretically, this should 
be applied to the axis of the balloon itself, as the latter represents the 
greater part of the resistance offered to the air. At least one attempt 
to carry this out in practice resulted disastrously, that of the Brazilian 
airship Pax, while the form adopted by Rose in which the propeller 
was placed between the twin balloons in a plane parallel with their 
horizontal axes, was not a success. In theory, the balloon offers such 
a substantial percentage of the total resistance to the air that the 
area of the car and the rigging were originally considered practically 
negligible by comparison. Actually, however, this is not the case. 
Calculation shows that in the case of any of the typical French airships 
mentioned, the sum of the surface of the suspending rigging alone is 
easily the equivalent of 2 square meters, or about 21 square feet, 
without taking into consideration the numerous knots, splices, pulleys, 
and ropes employed in the working of the vessel, air tubes commu- 
nicating with the air balloonets, and the like. Add to this equivalent 
area that of the passengers, the air pump, other transverse members 
and exposed surfaces, and the total will be found equivalent to a quar- 
ter or even a third of the transverse section of the balloon itself. 
To insure the permanently horizontal position of the ship under 
the combined action of the motor and the air resistance, a position 
of the propeller at a point about one-third of the diameter of the 


24 DIRIGIBLE BALLOONS 

balloon below its horizontal axis will be necessary. Without employ- 
ing a rigid frame like that of the Zeppelin and the Pax, however, such 
a location of the shaft is a difficult matter for constructional reasons. 
Consequently, it has become customary to apply the driving effort 
to the car itself, as no other solution of the problem is apparent. 
This accounts for the tendency common in the dirigible to “float high 
forward,” and this tilting becomes more pronounced in proportion to 
the distance the car is hung beneath the balloon. The term “‘devia- 
tion” is employed to describe this tilting effect produced by the action 
of the propeller. Conflicting requirements are met with in attempting 
to reduce this by bringing the car closer to the balloon as this approx- 
imation is limited by the danger of operating the gasoline motor too 
close to the huge volume of inflammable gas. The importance of 
this factor may be appreciated from the fact that if the car were 
placed too far from the balloon, the propulsive effect would tend to 
hold the latter at an angle without advancing much, owing to the. 
vastly increased air resistance of the much larger surface thus pre- 
sented. The best solution of the problem has been found by placing 
the motor in the car and driving a shaft located between the car and 
the balloon by means of a chain. 

This has not been very generally followed, however, owing to the 
different ideas prevailing as to the best location for the propeller 
itself. In the Ville de Paris and the Clement-Bayard, it is placed at 
the bow and serves to draw the balloon along. Earlier attempts, 
such as Giffard’s, De Léme’s, and the Tissandier airship, patterned 
after marine practice by placing it at the stern. The constructor of 
‘the Lebaudy and La Patrie adopted the use of two propellers, placed 
on either side of the car and almost in a line with its center, this also 
being the case in the design of the America, except that the latter 
was provided with four screws altogether, two of which were on 
swiveling joints to allow of their being utilized to either drive the ship 
ahead, or to assist in its ascent or descent by being driven at right 
angles to their shaft. Zeppelin also employs four propellers placed 
along the sides of the car. The United States army dirigible has 
the screw forward, while the British military airship carries it at the 
stern of a very short car. On the whole, its location at the bow 


would appear to offer the greatest advantage, where a single propeller 
is employed. 
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Relations of Speed and Radius of Travel. The various factors 
influencing the speed of a dirigible have already been referred to, but 
it will be apparent that the radius of action is of equally great impor- 
tance. It is likewise something that has a very direct bearing upon 
the speed and, in consequence, upon the design as a whole. It will 
be apparent that to be of any great value for military or other pur- 
poses, the dirigible must possess not only sufficient speed to enable 
it to travel to any point of the compass under ordinarily prevailing 
conditions of wind and weather, but it must likewise be able to remain 
in the air for some time and cover considerable distance under its own 
power. In fact, one of the chief advantages possessed by the dirigible 
over the aeroplane at present is its ability to make long-sustained 
flights, while carrying a comparatively large crew and a great deal 
of extra weight. 

Total Weight per Horse-Power Hour. As is the case in almost 
every point in the design of the dirigible, conflicting conditions must 
be reconciled in order to provide it with a power plant affording 
sufficient speed with ample radius of action. It has already been 
pointed out that power requirements increase as the cube of the speed, 
making a tremendous addition necessary to the amount of power 
to obtain a disproportionately small increase in velocity. In this 
connection thereis a phase of the motor question that has not received 
the attention it merits up to the present time. The struggle to reduce 
weight to the attainable minimum has made weight per horse-power 
apparently the paramount consideration—a factor to which other 
things could be sacrificed. And this is quite as true of the aeroplane 
motor as those designed for use in the dirigible. But it is quite as 
important to make the machine go as it is to raise it in the air, so that 
the question of total weight per horse-power hour will undoubtedly 
come in for much more attention in future, particularly since weight 
per horse-power appears to have approached so closely the minimum 
attainable, consistent with a due regard for reliability. 

The relative importance of these two factors may be appreciated 
from the following illustration: 

Assume, for instance, a 100 horse-power motor of a total weight 
of 1,000 pounds, round numbers being chosen merely for the sake of 
simplicity. The weight per horse-power of such an engine would be 
10 pevnds. This would not be sufficient data, however, from which 
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the design of a dirigible to employ that motor could be worked out. 
Pounds per horse-power usually refers to a bare engine. The weight 
of cooling water, lubricants, accessories, and last, but far from least, 
that of the fuel, must be added. For example, the motor referred 
to may be assumed to require 1 pound of fuel and lubricant per horse- 
power per hour to run it at its normal output—z. e., 100 horse-power. 
This means that it will consume 100 pounds per hour, or for a run of 10 
hours, 1,000 pounds, and this weight must be added to that of the 
motor itself in considering the design from the standpoint of radius 
of action. On the above basis, 1,000 horse-power hours will be 
obtainable, and dividing the total weight of motor and supplies 
(2,000 pounds) by this, would give a weight of 2 pounds per horse- 
power hour. 

This factor depends entirely upon the efficiency of the motor, 
while its weight per horse-power is a question of its construction alone. 
It requires no abstruse calculations to show that it is quite possible 
to have the same number of pounds for the weight per horse-power 
of a very light engine that consumes a great deal of fuel, asit is with 
a heavy engine that consumes very little. The diminution of the 
weight per horse-power hour makes possible an increase in the 
duration of the voyage, which is a very desirable advantage, but as 
the prime factor is ability to rise,-improvement that involves the 
addition of the weight is closely restricted by the lifting power avail- 
able, so that radius of action is governed by numerous considerations, 
as will be seen from the following: 

Take a dirigible with a gas capacity of 12,000 cubic feet, equipped 
with two 60-horse-power motors, giving it a speed of 36 miles per 
hour. The engines will consume 130 pounds of fuel per hour, and 
the machine, with 6 passengers, will have sufficient lifting capacity to 
carry 1,300 pounds of gasoline. This would mean traveling for 10 
hours, or 5 hours in each direction, if necessary to return to the 
starting point as is usually the case. This would mean traveling 180 
miles from the start—in other words, the radius of action of this 
dirigible would be 180 miles. But this is based on traveling at 
maximum speed for the entire period, disregarding the prevailing 
winds, the influence of which will be taken up later. War vessels 
seldom steam for any length of time at full speed, except in emer- 
gencies. They run under reduced power, or at a “cruising speed,” 
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thus greatly extending their available radius of action. The same 
thing may be done with the dirigible. By using only one of the 
motors of the airship in question, the period for which it could travel 
would be doubled. The propelling power will be then only 60 horse- 
power. The speed will be divided by the cubic root of 2, bringing it 
down to approximately 29 miles an hour. But as the single motor 
will consume only 65 pounds of fuel per hour, it will have 20 hours 
of travel, or 10 hours to go and 10 to return, so that its radius of action 
will be 290 miles. The importance of this in the application of aerial 
navigation to military service will be plain. 

Speed is quite as costly in an airship as it is in an Atlantic liner. 
To double it, the motor power must be multiplied by 8, and the 
machine must carry 8 times as much fuel. But by cutting the power 
in half, the speed is reduced only one-fifth. The problem of long 
voyages in the dirigible is, accordingly, how to reconcile best the 
minimum speed which will enable it to effectively make way against 
the prevailing winds, with the reduction in power necessary to cut 
the fuel consumption down to a point that will insure a long period of 
running. From the above discussion, it is evident that at least two 
independent motors should be provided, so that under favorable 
weather conditions, only one need be employed, while the total power 
of both could be called upon in emergencies. This was the expedient 
adopted in the instance of the America, designed to make a 3,000- 
mile voyage. 

Influence of Wind. But the wind is a serious factor that has to 
be taken into consideration. Radius of action as above illustrated 
has been based entirely upon traveling in a dead calm. ‘True, where 
the prevailing wind blew from a certain quarter for a length of time, 
its favoring influence in going would be neutralized by its resistance 
in returning,so that the result wouldbethesame, provided the velocity 
of the wind were not too great to prevent returning at all against it. 
But with the perversity of inanimate things, the wind may always be 
in the wrong direction, or seemingly so. Or again, the strong wind 
which retards progress on the outgoing trip, may die down to a perfect 
calm when it is time to return, so that the disadvantage of having to 
travel against it will not be compensated for by extra speed returning. 
The wind is something with which the aeronaut must always figure, 


quite as much as the sailor. 
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TABLE I 
Speed* of the Wind for the Vicinity of Paris 
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*The above speed values are only approximations to the metric quantities. 


When the speed of the dirigible is greater than that of the prevail- 
ing wind, it may travel in any direction; when it is considerably less, 
it can travel only with the wind; when it is equal to the speed of the 
latter, it may travel at an angle with the wind—in other words, tack, 
as a ship does, utilizing the pressure of the contrary wind to force the 
ship against it. But as the air does not offer the same hold on it to 
the hull of the airship, as water does to that of the seagoing ship, the 
amount of leeway or drift in such a maneuver would doubtless be 
excessive. This briefly sums up a subject to which many pages are 
devoted in the textbooks, and it applies quite as much to the aero- 
planes as it does to the dirigible. 

As the wind has always been a factor of great importance, care- 
fully compiled meteorological tables accurately indicate the winds 
that are to be expected on the ocean in any part of the globe at 
different seasons in the year, giving their direction, average strength, 
or velocity, and the number of days per year on which certain winds 


DIRIGIBLE BALLOONS 29 


may reasonably be looked for. Data of a similar nature is largely 
lacking with regard to the land, but now that aerial navigation is so 
prominently to the fore, it will undoubtedly receive the attention it 
deserves. In fact, this has already been done for the vicinity of 
Paris, and likewise in several parts of Germany and Sweden, where 
accurate observations have been made to determine the possibility 
of employing wind wheels for power purposes. The importance of 
such tables to the aeronaut will be apparent. Table I is given by 
Berget as applying to the vicinity of Paris. 

It requires only a superficial study of this table to demon- 
strate that the vicinity of Paris is a favorable district for the naviga- 
tion of dirigibles of moderate power and speed. Take an airship 
having a speed of only 22.3 (36 kilometers) miles_per hour as an 
instance of this. The table shows that there are 258 days in a year 
when the velocity of the wind is less than 40 feet per second. By 
increasing this to 27.9 miles per hour (45 kilometers), which is the 
speed of the Clement-Bayard, the Republique, and Le Ville de 
Paris, it will be evident that such a balloon would be dirigible on 
an average of 297 days out of the 365, or about ten months out cf 
the twelve. But, as has been shown by the observations made from 
the Eiffel Tower, the speed of the wind is very much less near the 
ground than it is at greater altitudes. In the locality in question, 
observations indicate that the average velocity of the wind the year 
round, at the level of the house tops, is between 8 and 10 feet per 
second, while at the top of the tower, or 1,000 feet from the ground, 
it is 32 feet. To again refer to the table, it will be seen that by giving 
an airship an independent speed of slightly over 43 miles per hour, 
it will be navigable on 350 days out of the year, and as the days on 
which the wind velocity exceeds 80 feet per second are those of 
bad storms, in which neither the dirigible nor the aeroplane would 
be an ideal means of transport, the problem where the former is 
concerned would appear to find its solution in an increase of its speed 
to this point. To do this and still provide an effective radius of action 
with the present percentage of efficiency of the average light motor 
built for aeronautical use is not an easy matter, particularly as the 
greatly increased air resistance would also involve a much stronger 
envelope to stand the high pressure. This means added weight and 
cuts down the lifting power for the same volume, while increasing 
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the latter means greatly augmented air resistance and greater power 
to attain the same speed. 


FRENCH DIRIGIBLES 


The First Lebaudy. The interest evidenced by the German 
War Department in Zeppelin’s airship was more than duplicated 
by that aroused in French military circles by the success of the 
Lebaudy Brothers. Since 1900 these two brothers had been experi- 
menting with dirigible balloons. Their first dirigible—built by the 
engineer Juillot—made thirty flights, in all but two of which it suc- 
ceeded in returning to its starting point. This machine was some- 
what similar to the later types built by Santos-Dumont, and carried 
a 40-horse-power Daimler motor. A speed of 36 feet per second, 
or about 25 miles per hour, was obtained. During tests in the sum- 
mer of 1904, the balloon was dashed against a tree and almost entirely 
destroyed. 

Lebaudy 1904. The next year the “Lebaudy 1904” appeared. 
This was 190 feet long and had a capacity of 94,000 cubic feet of 
gas. The air bag was divided into three parts and contained 17,600 
cubic feet of air. It was supplied with air from a fan driven by the 
engine, and an auxiliary electric motor and storage battery were 
carried to drive the fan when the gas engine was not working. The 
storage battery was also used to furnish electric lights for the airship. 
A horizontal sail of silk was stretched between the car and the gas 
bag. This had an area of something over 1,000 square feet, and a 
sort of keel of silk was stretched below it. A horizontal rudder, 
shaped like a pigeon’s tail, was used at the rear, and immediately 
behind it were two V-shaped vertical rudders. A small vertical 
sail was carried, which could be used to assist in guiding the airship. 
The car was 16 feet long, and was rigidly hung 10 feet below the bag. 
It was provided with an inverted pyramid of steel tubes meeting 
at an apex below the car to prevent injury in alighting. Sixty- 
three ascents were made in 1904 with this balloon, all of them com- 
paratively successful, the longest being a journey of 60 miles in two 
hours and forty-five minutes. It was then turned over to the War 
Department as a school ship. 

The next year a new and larger balloon, equipped with a more 
powerful motor was used. Many flights were made in tests for the 
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French War Department. In some of these, the Lebaudy Brothers 
were accompanied by the minister of war. 

La Patrie. La Patrie was then built for the French govern- 
ment by the Lebaudy Brothers, and was of the same design as 
their earlier airships. In speed it was nearly equal to Zeppelin’s, and 
its dirigibility was nearly perfect. Fig. 9 shows a view of this air- 
ship in flight. 

It was 200 feet long, and the 70-horse-power engine drove two 
propellers. It could carry seven people and one-half ton of ballast. 
It carried four people at a speed of 30 miles per hour. On its last 


Fig. 9. La Patrie, French War Dirigible 


trip it covered 175 miles in seven hours. A few days afterward, a 
heavy wind tore it away from its moorings, and it was blown out 
to sea and lost. 

La Republique and Le Jaune. Two more airships of the same 
type, La Republique and Le Jaune, followed this. These were tried 
by the French government in 1908, and both proved successful. 
La Republique is illustrated in Fig. 10. The shape and equipment 
of the car are shown in Fig. 11. The automobile-type radiator may 
be seen attached to the side of the car. During a flight in the fall 
of 1909, a propeller blade broke and was thrown clear through the 
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Fig. 11. Car of La Republique 
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balloon envelope, causing the balloon to fall from a height of 500 
feet. The four officers who formed the crew of the dirigible were 
instantly killed. 

The Russian government commissioned the Lebaudy Brothers 
to build an airship which was to be the nucleus of the Russian air 
navy. Accordingly, the Russie was built early in 1909, and is a 
faithful copy of the French La Republique in every respect; a num- 
ber of others have been delivered to the Russian army since. Trips 
are in progress at the Lebaudy Airship Works at Moisson. 

Portable Airship. For military purposes, an airship should be 
so constructed as to be easily and quickly packed. A dirigible 
balloon was built in 1908 by Count de la Vaulx, which could be very 
easily taken apart for transportation and put together again. The 
fact that it was capable of carrying only one man was the cause of 
its limited usefulness. 

Clement-Bayard II. The numerous factors that must be 
considered in the design of a successful dirigible balloon, as well as 
the many conflicting conditions that must be reconciled, have 
already been referred to in detail. How these are carried out in prac- 
tice may best be made clear by a description of what may be con- 
sidered as an advanced type of dirigible, the Clement-Bayard II, 
Fig. 12, of French design, and the most successful of the French 
military air fleet. In fact, the design of this airship incorporates 
all those features which the experience of aeronauts in other coun- 
tries, notably Germany and Italy, has proved to be best adapted 
to aerial navigation, and it is said that future additions to the French 
aerial navy will be patterned after this type. Its predecessor, the 
Clement-Bayard I, Fig. 13, made thirty voyages, some of them of 
considerable distances, without suffering any damage, but a study 
of its shortcomings led to their elimination in the following model. 
The difference between the two may be realized by comparing the 
illustrations in connection with the following comments on the 
changes made and the reasons therefor. 

The pisciform shape of the first Clement-Bafard has been 
retained, but it has been given more taper and more grace, the dimen- 
sions being 248.6 feet overall by 42.9 greatest diameter, this being 
but a short distance back of the bow. This gives it a ratio of length 
to diameter of 5.76. The gas balloonet stabilizers have been elimi- 
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nated altogether, as will be apparent at first glance at Fig. 12. The 
total gas capacity is approximately 80,000 cubic feet. Like all 
French dirigibles it is of the true flexible type, the only rigid con- 
struction being that of the framework of the car itself. To the latter 


Fig. 12. Clement-Bayard II, French Dirigibie 


are attached all rudders and stabilizing devices, instead of making 
them a part of the envelope as formerly. The latter is made of 
continental rubber cloth. 

Light steel and aluminum tubing are employed in the construc- 
tion of the frame supplemented by numerous piano-wire stays. 
This frame extends almost the entire length of the envelope, and 
carries at its rear end a cellular, or box-kite type of stabilizing rudder, 
instead of the former gas balloonets employed on the Clement- 
Bayard I, Fig. 13. This cellular rudder is in two parts, consisting 
of two units of four cells each, the two groups being joined at the 
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top, with a space between them. In addition to acting as a stabilizer 
this is also the direction rudder, its leverage being increased by The 
ing the end planes somewhat larger than the partitions of the cells. 
Between the cellular stabilizing rudder and the envelope is placed 
the horizontal rudder for ascending or descending. In the illustra- 
tion this appears to be a flag, but it is in reality a long rectangular 
plane, which may be tilted on its longitudinal axis, the latter being 
at right angles to that of the balloon. There are two air balloonets 


Fig. 13. Clement-Bayard I 


of about one-third the total capacity of the balloon itself, and they 
are designed to be inflated by large aluminum centrifugal blowers 
driven from the main engines themselves. 

There are two motors, each of 125 horse-power, both being of 
the same conventional design, ¢.e., four cylinder, four cycle, vertical, 
water cooled. In fact, they are merely light automobile motors. 
The cylinders have separate copper water jackets and the motors 
themselves are muffled, which is a departure from the usual custom. 
Each drives a separate propeller carried on top of the main frame 


through bevel gearing. 
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The Clement-Bayard II made itself famous by its rapid and 
successful flight from the suburbs of Paris across the Channel to 
London, in October, 1910. This quick descent of one of the repre- 
sentatives of the French “fourth military arm’’ over the erstwhile 
sacred dividing line—the Channel—stirred the British mind, ever 
on the lookout for possibilities of foreign invasion, to an almost 
frenzied activity in aeronautical affairs. England at once entered the 
field and built one of the largest dirigibles ever constructed, ““The 
Mayfly,” a huge airship of the Zeppelin rigid type, which answered 
the query implied by its name, by not flying at all, as it was 
wrecked the first time an attempt was made to take it out of the 
shed, as mentioned farther along. 


LATER FRENCH TYPES 


Zodiac, Le Temps, Astratorres. After the disaster to La 
Republique in 1909, so little activity was shown in this field by 
France that the land which had given birth to the dirigible balloon 
seemed ready to discard what had been a source of considerable 
pride before it was equaled and then surpassed by Germany. From 
that time until the middle of 1911, only three very small units were 
added to the depleted French fleet, the Zodiac, Le Temps and 
Astratorres, and while these were very efficient for their size and 
were much used for training purposes, they made a sorry showing 
compared to what France had been doing previously. But while 
there was an apparent lack of interest in this branch, a general 
reorganization was actually being planned to build a new fleet cf 
French military dirigibles capable of making altitudes of 6,000 to 
7,000 feet, where they would be immune from any attack save that 
of aeroplanes which could be fought off. The scale on which this 
reorganization is planned is apparent in the amount of equipment 
used. To the only two airship sheds or “harbors” exceeding 400 
feet in length previously to be found in the entire country, no less 
than nine have been added. All of these are 400 feet long and are 
so built as to be readily enlarged to 600 feet. Each of these is designed 
to accommodate two of the big dirigibles at once. There are no less 
than six large hydrogen generating plants in France, one of them 
having a capacity of 360,000 cubic feet per day, and others of similar 
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size are to be added. The plans also include the building of a large 
fleet of big airships. 

Lieutenant Selle de Beauchamp. The first squadron of the 
new fleet consists of four vessels, the Lieutenant Selle de Beau- 
champ, Capitaine Marechal, Adjutant Vincenot, and the Adjutant 
Reau, all of them having been named after the officers who per- 
ished in the La Republique disaster. Their type is a clever develop- 
ment of the old Lebaudy and the Ville de Paris, of the classic La 
France type, the Adjutant Reau and its sister ship being patterned 
after the Ville de Paris, while the other two are improved Lebaudys. 
With about 250,000 cubic feet displacement, a length of 270 feet, 
beam 38 feet and a power-plant consisting of two 80-horse-power 
motors on each, these are the smallest of the four, but the most 
interesting, as the Lebaudy type with its single short car does not 
lend itself so readily to enlargement from the engineering point of 
view. 

The outlines are strictly of the Lebaudy type, but in the Lieu- 
tenant Selle de Beauchamp essential differences are to be seen in 
the suppression of the vertical stabilizing fin at the extreme stern, 
this being replaced by fixed surfaces forming part of the vertical 
rudders. All rudder surfaces are doubled, this feature making 
possible a saving of weight and representing standard practice on 
all large airships of recent construction. Part of the horizontal 
rudder planes are nearly amidships, where they act less as rudders 
than as true aeroplanes lifting or depressing the ship to an even 
keel. There are two large air balloonets, each of which is designed 
to be filled by a centrifugal blower of large capacity. These blowers 
are mounted directly below the balloon and each one of them is 
driven from a different motor through a vertical rope transmission. 
Either of these blowers may be employed to inflate either or both 
of the air balloonets, so that their duplication and coupling to different 
motors is a measure of precaution solely. The car is supported on 
a deep-trussed frame of steel tubing suspended some distance below 
the balloon, the propellers being mounted on tubular steel out- 
riggers, while there is a perfect maze of suspension ropes and trussing 
guys in sharp contrast with the simplicity of the German dirigibles 
of either the rigid or semi-rigid types. This should not only prove 
a source of greatly increased head resistance, but likewise one of 
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weakness and danger from which an airship designed for military 
purposes should be free. A year or two ago, the big Zeppelin rigid 
airships could not rise high enough to be considered a source of 
danger from a military point of view, but now that this type can 
ascend to a height of 6,500 feet and has an effective radius of action 
of over 600 miles, together with a nice regulation of ascent and 
descent, it appears that the German airships should be much more 
effective. 


GERMAN DIRIGIBLES 


Zeppelin Airships. At the same time that Santos-Dumont 
was carrying on his hazardous experiments, the problem was being 
attacked along slightly different lines by a retired German mili- 
tary officer, Graf von Zeppelin, or Count Zeppelin, as he is usually 
called. . 

When a mere boy he was constantly experimenting with air 
craft, and succeeded in making small flights, at one time falling 50 
feet. He was indomitable in his purpose to invent a successful air- 
ship, and fought for his plans against the disbelief of all those around 
him. 

It was not until he retired from the German army, that the 
Count gave up all his time to the construction of an airship. He 
received some aid from the German government, but most of the 
fortune put into his giant aerial craft was his own. In fact, he spent 
practically everything he had. Although he, like Santos-Dumont, 
employed a machine of the lighter-than-air type, the construction 
of the gas bag was radically different. 

It will be remembered that Dumont experienced much trouble 
on account of the envelope of his balloon being too plastic, causing 
it to crumple in the middle and to become distorted in shape from 
the pressure of the air. His efforts to overcome this by employment 
of air bags did not meet with great success, even in his later types. 

Construction. Zeppelin employed a very rigid construction. 
His first balloon, which was built in 1898, was the largest which 
had ever been made. It is illustrated in Fig. 14, which shows his 
first design slightly improved. It was about 40 feet in diameter 
and 420 feet long—an air craft as large as many an ocean vessel. 
The envelope consisted of two distinct bags, an outer and an inner 
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one, with an air space between. The air space between the inner 
and outer envelopes acted as a heat insulator and prevented the 
gas within from being affected by rapid changes of temperature. 
The inner bag contained the gas, and the outer one served as a 
protective covering. In the construction of this outer bag, lies the 
novelty of Zeppelin’s design. A rigid framework of strongly-braced 
aluminum rings was provided and this was covered with linen and 
silk which had been specially treated to prevent leakage of gas. The 
inner envelope consisted of seventeen gas-tight compartments 
which could be filled or emptied separately. In the event of the 
puncture of one of them, the balloon would remain afloat. An 


Fig. 14. Zeppelin Dirigible Rising from Lake Constance 


aluminum keel was provided to further increase the rigidity. A 
sliding weight could be moved backward or forward along the keel 
and cause the nose of the airship to point upward or downward as 
desired. This would make the craft move upward or downward 
without throwing out ballast or losing gas. Under each end of the 
balloon a light aluminum car was rigidly fastened, and in each was 
a 16-horse-power Daimler gasoline engine. The two engines could be 
worked either independently of each other or together. Each engine 
drove a vertical and horizontal propeller. The propellers each had 
four aluminum blades. As will be seen from Fig. 14, the cars were 
too far apart for ordinary means of communication and so speaking 
tubes, electric bells, and an electric telegraph system were installed. 
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First Trials. Very little was known as to the effects of alight- 
ing on the ground with such a rigid affair as this vessel, therefore 
the cars were made like boats so that the airship could alight and 
float on the water. The first trials were made over Lake Constance 
in July, 1900. The mammoth craft was housed in a huge floating 
shed, and the vessel emerged from it with the gas bag floating above 
and the two cars touching the water. She rose easily from the water, 
and then began a series of mishaps such as usually fall to the lot 
of experimenters. The upper cross stay proved too weak for the 
long body of the balloon, and bent upward about 10 inches during 
the flight. This prevented the propeller shafts from working properly. 
Then the winch which worked the sliding weight was broken and, 
finally, the steering ropes to the rudders became entangled. In spite 
of all this, a speed of 13 feet per second, or about 9 miles per hour, 
was obtained. These breakages made it necessary to descend to the 
lake for repairs and in alighting the framework was further damaged 
by running into a pile in the lake. The airship was. repaired and 
another flight was made later in the year, during which a speed of 
30, feet per second, or 20 miles per hour, was obtained. 

Second Airship. Zeppelin had sunk his own private fortune and 
that of his supporters in his first venture, and it was not till five 
years later that he succeeded in raising enough money to construct 
a second airship. No radical changes in construction were made in 
the new model, but there were slight improvements made in all its 
details. The balloon was about 8 feet shorter than the original and 
the propellers were enlarged. Three vertical rudders were placed in 
front and three behind the balloon, and below the end of the craft 
horizontal rudders were installed to assist in steering upward or 
downward. The steering was taken care of from the front car. 

The most important change was made possible by the improve- 
ment in gasoline engines during the preceding five years. Where, in 
the earlier model, he had two 16-horse-power engines, he now used 
an 85-horse-power engine in each car, with practically the same 
weight. In fact, the total weight of the vessel was only 9 tons, while 
his first airship weighed 10 tons.. 

His new craft made many successful flights. One was made at 
the rate of 38 miles per hour, and continued for seven hours, covering 
a total distance of 266 miles. During the course of the flight, Zeppelin 
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made a landing to take on board a representative of the German 
ministry of war. In one trial flight with both motors in operation, 
the airship easily outdistanced the steamers on the lake. The German 
War Department finally took over the aeronaut’s ship and plant, and 
the government appropriated $535,000 to help carry on the experi- 
ments. Since then Zeppelin has built several airships, all of the same 
type, and others are now under way of construction. 

They embody no remarkable changes in design, the principal 
alteration being in size. The latter type is illustrated in Fig. 15. In 
one, the gas bag was increased to H6 feet in length and it held over 


Fig. 15. A Zeppelin Airship in Flight 
460,000 cubic feet of gas. This gave it a total lifting power of 16 
tons. With this, Zeppelin made a voyage of over 375 miles. He was 
in the air for twenty hours on this trip and carried eleven passengers 
with him. In August, 1908, the Zeppelin left its great iron house 
at Friedrichshafen and sailed in a great circle over Lake Constance.. 
This was to be the nucleus of the aerial navy and Germany considered 
herself the monarch of the air, as Great Britain was the monarch of 
the sea. 
The next day, however, the ship was destroyed at Echterdingen 
jn a storm. The German people at once came to Zeppelin’s aid. 
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The government led a subscription list with $125,000. In all $500,000 
was raised, and the Count again started work on a new aerial craft 
which was taken over by the government and christened Zeppelin I. 
On March 19, 1909, the Zeppelin I ascended with twenty-six passen- 
gers and maneuvered under perfect control for an hour and a half in 
a series of government tests. 

Longest Airship Flight. Still another ship, the Zeppelin II, had 
been constructed, without the public knowing anything of its com- 
pletion, inflation, or of the preliminary tests. It suddenly appeared 
before the world in a continuous flight of 900 miles. Count Zeppelin 
had not allowed a word to be made public relative to his intention of 
undertaking an endurance trip. It was, however, commonly believed 
that he intended to seize the first favorable opportunity to proceed 
to Berlin. On May 31, 1909, the Count in his newest aeronat 
descended at Géttingen at noon after a flight of thirty-six hours, 
during which he had covered 850 miles, thus more than doubling the 
best previous record in aviation for both time and distance. 

The vessel had quietly left the floating shed on Lake Constance 
a little after nine o’clock at night, with Count Zeppelin himself, two 
engineers, and a crew of seven men on board. Starting from Fried- 
richshafen in a direct line towards Berlin, the great ship continued 
until it reached the frontier of Saxony, where it was headed straight 
for Leipsic. On it went, crossing Halle, into the very heart of 
Germany, as far as the great air harbor at Bitterfeld, where the 
Parseval airships were stationed in the large plant belonging to the 
Society for the Study of Motor Aeronautics. Lack of knowledge that 
such a thing as an air harbor existed in Bitterfeld led the press of the 
world to make the error that the ship had failed to reach her destina- 
tion, which, it was assumed, must be Berlin, since the ship was headed 
in that direction. The airship after describing a great circle at 
Bitterfeld, turned again and sailed south. 

Meantime the military authorities at Berlin were without advices 
as to the Count’s plans, but they learned from private dispatches that 
the airship was approaching. An enormous crowd waited in vain for 
five hours in Berlin in the expectation of seeing Count Zeppelin arrive 
in his airship. The Kaiser came all the way from Potsdam, waiting 
on the moonlit field until ten o’clock, before word was received from 
Count Zeppelin that he had turned back, 
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The whole night long the flight toward Friedrichshafen was 
continued. In the morning it was found that a descent would have 
to be made to replenish the supply of gasoline. It was decided to cast 
anchor in a quiet valley which was protected by a steep hill just ahead 
of them. In the descent, the airship’s bow prevented the man at the 
helm from seeing straight ahead, and, while the craft was closely 
skimming this hill, a pear tree suddenly shot up in its course. For 
the first time there happened in the air what so often happens on the 
water—the ship was steered right into the obstacle. From the ground 
it seemed for a moment as though the craft were doomed to certain 
destruction, as it appeared to be swooping straight into the trunk. 
When the big ship hung for a second and then forced its way through 
and circled slowly around a cheer went up from the relieved watchers 
underneath. It was found that the bow was crushed and the forward 
frame torn away. 

In preparing for the trip to Friedrichshafen from the scene of the 
accident, all the damaged portion was cut away in front of the forward 
car, and the motor and propellers removed. The pointed bow of the 
ship was thus changed to a flat disk shape, but was so covered with 
cloth as to give a slight suggestion of pointed shape. A man was 
stationed in the passageway between the cars to act as a moving 
weight, thus assisting the rear planes to maintain the balance, as the 
forward planes had been destroyed. The speed was necessarily slow, 
and owing to the greatly diminished carrying power, the ship stopped’ 
for fuel while under way. Friedrichshafen ultimately was reached in 
safety. 

The airship in which Count Zeppelin accomplished this flight 
was 448 feet long and had a diameter of 42 feet. It was equipped 
with two motors which furnished 220 horse-power. Besides being 
the largest dirigible in the world, its claim for carrying capacity is as 
yet uncontested. ; 

On June 29, 1909, Zeppelin I, under command of Major Sperling, 
started from Friedrichshafen to go to its future home port at Metz. 
A breakdown in the engine room enforced a landing on the plains not 
far from Lake Constance. While the ship was waiting for duplicate 
parts of machinery a heavy gale arose, which prevented the continua- 
tion of the voyage even after repairs were completed. For nearly a 
week the storm-bound vessel was exposed to the violence of the 
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elements, under the open sky, without damage to the craft. Flight 
was resumed on the night of July 3, and Metz was safely reached on 
the morning of July 4. The Zeppelin IL, larger and more powerful 
than its predecessors, was then being built. On August 27, it made 
a successful flight from Friedrichshafen to Berlin. 

Deutschland I and II. In honor of the governmental assistance 
that made their building possible, the later Zeppelin aircraft were 
named in honor of the Fatherland. The first of these was the largest 
airship that had been built up to that time (1910), but like her prede- 
cessors she was found to be more or less cranky, to apply a marine 
term by analogy. In other words the maneuvering ability of the 
craft was defective. Also like her predecessors, her existence was an 
extremely short one. Due to the motors failing at a critical moment, 
which coincided with a lack of buoyancy, the airship could not be kept 
afloat and as luck would have it, this occurred over a pine forest into 
which the huge hulk sank, the envelope being impaled at numerous 
points on the tops of the trees and the car and fittings being badly 
wrecked. 

To provide greater lifting power for just such emergencies, the 
hull of the Deutschland II was made lighter, permitting the trans- 
portation of a greater amount of ballast for the same number of 
passengers. In other respects, the new airship was scarcely more than 
a copy of her predecessor and with no greater speed or any better 
maneuvering qualities. To further provide against accidents of a 
similar nature, special tests were made over Lake Constance to 
familiarize the crew with the exact amount of lifting and depressing 
power obtainable from the propellers and rudders alone. It was 
found that with only two motors and two propellers in action, the 
new ship could be raised by power like an aeroplane, from a static 
level of equilibrium at an elevation of 2,132 feet to 4,756 feet. This 
represents a purely dynamic lift of more than two tons (4,400 pounds). 
With three motors and four propellers the ship rose to 5,904 feet, 
adding nearly another ton of dynamic lift (1,980 pounds). It 
remained for some time at this level, carrying four passengers, the 
regular crew of nine, 242 pounds of fuel and oil, and 4,400 pounds of 
ballast. If one-half of this ballast had been thrown overboard, an: 
elevation of 7,544 feet could have been reached, while still retaining 
more than a ton of ballast in reserve. This shows an astonishing . 
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reserve of floating power for the arrow-like type of Zeppelin balloons 
under favorable conditions, z.e., with the motors intact and when 
not overloaded with passengers, and it would add greatly to their 
value for military purposes. At such heights they would be immune 
from artillery fire. Despite their huge bulk, their diameter does not 
exceed the spread of wing of a Wright biplane, which at the same 
height is an almost invisible speck, while a Zeppelin at the same 
altitude looks like a match, its lean shape making it a poor target. 
In the thin air, its speed is increased, so that with a favoring wind, 
even the slow Deutschland could make 60 miles an hour. 

Although the new Deutschland was thus amply insured against 
conditions such as caused the wreck of its predecessor, it shortly feli 
a victim to an odd and unforeseen accident—collision with the shed. 
It hardly seems proper to term such a mishap either odd or unforeseen 
when it is recalled that a majority of the huge airships of recent 
build have all come to grief in a somewhat similar manner, 2.e., in 
being taken out of or returned to the shed, the breaking in half of 
the biggest of them all, the British naval dirigible, being a noteworthy 
case in point. As in the case of the latter, the Deutschland also 
“broke in two.” Mishaps from apparently trivial causes, resulting 
from lack of experience in handling such huge craft, involve great 
losses of money and prestige when they happen to a large and costly 
dirigible, whereas they are almost negligible in the case of the aero- 
plane. 

Schwaben. Taking advantage of the experience gained in the 
building of the two Deutschlands, Zeppelin set about building 
another and this—the Schwaben—was almost half completed at 
the time the second Deutschland was wrecked. The new airship 
was specially designed for passenger carrying and its dimensions 
marked a decrease in the huge proportions that characterized its 
predecessors. The dimensions of the last Deutschland were 499 
feet length overall, diameter 46 feet, and with 18 independent gas 
compartments, giving a displacement of 667,560 cubic feet; whereas 
the displacement of the Schwaben is 634,500 cubic feet, on a length 
of 462 feet, the beam being 46 feet. The envelope is divided into 
only 17 gas compartments or cells. Numerous experiments were 
made to improve the shape of the hull, as the result of which the 
conical bow of the Deutschland was replaced by an ovoid shape in 
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the Schwaben. To diminish friction the outer envelope of the new 
ship was stretched over the frame with extreme care so that it is so 
smooth and firm that non-technical observers have compared the 
“solid hull” of the Schwaben (swallow) to a man-of-war, owing to 
the gray color. To further cut down head resistance, the time- 
honored aeroplane rudders, fore and aft, were abandoned—quite a 
radical step as they had always proved efficient. In their place, a 
single set was attached to a more graceful single rudder frame at 
the extreme rear, where they are combined with vertical rudders 
and cleverly supported by stabilizing fins. It was found that by 
this means, skin friction and head resistance were cut down, steadi- 
ness improved and the efficiency of all the rudders wonderfully 
increased, so that the big ship could make a complete turn in a circle 
of only 800 feet radius. What was even more surprising was the 
fact that the lifting power did not suffer by the removal of these 
lifting planes, the kite effect of the smooth cylindrical hull compen- 
sating for their absence to an extent that substantially increased 
the floating power of the Schwaben as compared with Deutschland 
II, owing to the greater speed of the former. The lack of efficiency 
of an aeroplane surface with a very small aspect ratio, or very long 
in its line of longitudinal movement, as must be the case when attached 
to a big envelope, is offset in a dirigible by the small weight it has to 
bear dynamically per square foot of its immense area. As the result 
of long-continued experiments in the Zeppelin laboratory, the 
Schwaben was fitted with two- and four-bladed propellers of greatly 
increased efficiency, while the head resistance of their supporting 
brackets was greatly reduced by covering them with cloth in the 
form of yseful stabilizing fins. The result of these improvements 
was apparent in the greatly increased speed, the Schwaben making 
- a fraction under 43 miles per hour in calm air in the course of numer- 
ous trial trips carried out over a measured stretch of railway line, 
in both directions. As this rate of travel is equal to that of many 
of the large biplanes which have only an effective speed of 40 miles 
per hour, it revolutionizes all former ideas regarding the inferiority 
of the dirigible in this respect as compared with the aeroplane. With 
only three of the four motors running, all previous dirigible records 
were broken by making 38 miles per hour. In a race from Darm- 
stadt to Frankfort, the Schwaben proved an easy victor over a 
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Euler biplane. This great improvement in speed has been due not 
alone to a decrease in the head resistance, but likewise to the increased 
efficiency of the motors, as after long experimenting with automobile 
types, Zeppelin abandoned them and built special engines in his 
own plant for the Schwaben. Six-cylinder motors are employed 
instead of the fours previously employed, and their output increased 
from 110 to 165 horse-power, so that the total driving power of the 
new ship is 660 horse-power. Their reliability was also greatly 
improved, so that in over a hundred passenger trips, of which some 
were 700 miles long, the Schwaben’s engines have never given any 
trouble. The success of the numerous passenger trips was not only 
due to the increased power but also to the perfected methods adopted 
of handling the big ship at landings. Mechanical docking devices 
have been provided by which the ship is securely held until safe in 
the open air, before an attempt is made to take it into the shed. 
A rail on each side of the shed runs far out into the open through 
each of the doors at both ends. Each length of rail is made of two 
narrow channel plates riveted together back to back. Two sets of 
rollers run on each rail, each set bearing against the under side of 
the upper flanges. our steel cables made fast to the airship’s 
frame are attached to the four sets of rollers, or trolleys, and all 
may be slipped simultaneously. The two rails are so far apart that 
a dirigible lashed to them can not be swayed if it have sufficient 
lift, this being obtained by the removal of the passengers and ballast 
before pushing the ship into the shed, and not taking them aboard 
again until the big craft is safely out of the latter again before start- 
ing a flight, which begins by the simultaneous release of all the 
hawsers. But entering the shed with a brisk wind blowing at right 
angles to its axis and to the rails is still a difficult feat. In this case, 
the ship is halted in the open over the track, heading into the wind. 
One of the front cables is fastened to the rollers nearer the shed on 
the windward rail. With this set of rollers as a fulcrum, the ship is 
worked around by pulling at the rear end, steadying it along the 
sides, and simultaneously pulling the lee side down, until it becomes 
parallel with the rails. It is then a simple matter to fasten the remain- 
ing cables, unship passengers and ballast, and roll the craft into its 
house. Even with these improvements, the device is still primitive 
and depends upon the employment of a large number of men skilled 
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in handling the big aircraft. Damage from accidents of this nature 
has also been further provided against by strengthening the struc- 
ture of the ship itself, the cars and cabin being built of corrugated 
aluminum, while the strength of the pneumatic buffers under them 
has also been increased. Of equal importance to the improved 
methods of docking are the provisions for safely anchoring the huge 
dirigible in the open. A safe anchorage over unobstructed grounds, 
mostly parade grounds, has now been provided in most German 
cities. 

The holding device is a development of the method by which 
in the past severe squalls have occasionally been weathered. It 
differs from the latter in that the pivotal point around which the ship 
swings into the wind’s direction is now placed on the frame of the 
ship itself, instead of on the ground. Even with the short single bow 
cable formerly used successfully, jerks which strained the frame 
and the cable were not entirely avoided in gusty winds, too much 
play in the bow having snapped the long cable and freed the ship on 
one occasion, though it did not damage the frame. In place of the 
single cable there are now four, giving greater safety. They are fas- 
tened to a ring that swivels round a strong pin in the reinforced 
framework and are permanently carried by the ship. When anchor- 
ing, their free ends are made fast to four heavy cubes of concrete 
- embedded in the ground, and so placed that the four cables evenly 
radiate toward them from the pivot on the bow. Due to its rigidity, 
the ship turns freely around the apex of this pyramid of cables as 
smoothly as a new weather vane. Unshipping ballast at the bow 
makes this pyramid very rigid. 

Plans have been completed for the inauguration of an American 
dirigible passenger service similar to that in operation between the 
cities of Berlin and Frankfort during the past two years. Airships 
similar to the Schwaben will be employed, the route being between 
Philadelphia, Atlantic City, and New York, the stopping place in 
the first-named city, which will be the headquarters, being erected | 
on the roof of the Bellevue-Stratford hotel. This landing platform 
will be 190 feet long by 62 feet wide and at an elevation of 300 feet 
above the ground. It is to be finished with a surface of sod and clay 
similar to a baseball diamond. One round trip per day will be made; 
the fare being the same as in Germany, that is, $50. 
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Parseval. Germany has adopted another type of airship, that 
of Major von Parseval. His construction is very different from 
that of his compatriot, Zeppelin. Instead of the rigid construction of 
the latter, the Parseval has no rigid connections except between 
the car and the propeller. Two air balloonets are employed, one 
inside each end of the balloon, the pumps being so arranged that 
either one can be filled or emptied independent of the other, allow- 
ing the balloon to tilt upward or downward as desired by the pilot. 
In addition, the car itself is on two rollers and can be moved forward 
or backward on two cables, thus placing the weight so as to cause 
the balloon to tilt. The surfaces which steer the balloon are blown 
under pressure. The propeller has four blades, and is driven by a 
90-horse-power gasoline engine. 

The Parseval’s peculiarity lies in its propeller. Instead of the 
solid blades common to other airships, there are four strips of canvas 
with weights at the end, held rigid by centrifugal force when in 
motion, and hanging limp when the ship is at rest. 

The Parseval II was of almost the same construction, and had 
a promising though short career. It collapsed ignominiously on the 
roof of a villa after a flight of over eleven hours. A new Parseval 
HI has been constructed, and stationed at the new government air 
harbor at Bitterfeld. It has two motors with a total horse-power 
of 240. : 
Parseval Sporting Type. The Parseval flexible system having 
proven such a success, the makers (Die Motor-Luftschiff-Studien- 
gesellschaft, Berlin) have brought out the Parseval V. The original 
intention was to design a dirigible of the smallest dimensions com- 
patible with the system, and while, according to theory, it would 
have been possible to reduce the dimensions considerably more than 
has been the case, the miniature thus obtained would have been a 
mere toy, devoid of any practical value.’ The new Parseval, accord- 
ingly, has been built to carry three persons and a sufficient amount 
of ballast for a six- to seven-hour run at a speed of not less than 20 
miles per hour. The Parseval V thus constitutes the smallest of its 
class and is mainly intended for the use of private parties and aero- 
nautic clubs. Its dimensions are 129 feet overall, maximum diameter 
25.3 feet, and its displacement 42,000 cubic feet. The envelope is 
made of lined balloon fabric of a minimum strength of 730 pounds 
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per foot, and weighing one ounce per square foot. The balloon is 
made up of a number of longitudinal sections, a construction which 
somewhat reduces the fractional resistance of the surface. The 
details of the construction are illustrated in Fig. 16. It shows the 
characteristic Parseval shape, rounded off elliptically in front and 
tapering to a slender point in the rear, in other words, the pisciform 
outline recommended by Renard. A distinctive feature wherein 
it differs from all others of the same make is that the vertical steering 
is effected by a horizontal rudder located at the head of the balloon 
and operated by cables from the car, instead of the usual balloonets. 
This has worked so well in practice that the little airship is capable 
of maneuvering within a few yards of the ground without danger. 
A single centrally-placed air balloonet fed by a centrifugal air pump 
is provided to take care of expansion and ‘contraction, as well as 
gas losses. To prevent excessive stress being placed on the envelope 
a safety valve is provided in the flexible pipe connecting the pump 
and the air balloonet. This valve opens automatically when sub- 
jected to a pressure equivalent to 0.6 inch of water, allowing suf- 
ficient air to escape from the balloonet to maintain the normal 
pressure. 

The gas valve which is located at the summit of the balloon is 
also designed to operate as a safety valve, but as it does not operate 
of its own accord until a pressure in excess of one inch of water is 
reached, no gas losses occur unless the expansion of the gas has 
forced all the air out of the balloonet. Both of these valves may 
also be operated by cables leading to the control board. The usual 
“ripping valve” is also provided in the form of a narrow strip of 
balloon fabric glued over a long cut in the envelope. This can be 
ripped open in cases of emergency at a moment’s notice. The 
stabilizing surfaces are of triangular outline and are combined 
with the direction rudder at the rear. They consist of frames of 
steel tubing autogenously welded together and tautly covered with 
light balloon fabric, provided on both sides with vent holes into 
which air is forced by the movement of the airship when in flight, 
thus keeping the fabric tight and smooth. Side and front eleva- 
tions of the car are shown in Figs. 17 and 18. It is built of steel 
tubing and measures 14.75 feet in length by 3.25 feet high, being 
2.79 and 2.13 feet wide at the top and bottom, respectively. Though 
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the normal carrying capacity is three, including the pilot, there is 
sufficient accommodation for four, but as all the controls are cen- 
tered at the pilot’s stand forward, the airship can readily be handled 
by one man. The power plant is compactly arranged at the rear of 
the car. The engine is a four- 
evlinder, 25-horse-power Daim- 


ler motor, running at 1,200 
r. p.m. and using but 0.54 pint 
of gasoline per horse-power at 
full load. The flywheel acts 
both as a fan and 

a belt pulley for 
driving the pumps, 
*y and the radiator 1s 
placed directly be- 


Fig. 1S. Side Elevation of Parseval V Showing Motor and Transmission Gear 


hind it, the main driving shaft passing through the radiator and 
being supported by an outboard bearing back of it. The propeller 
is placed upon a bracket above the motor and is driven by a silent 
chain, the two sprockets having a ratio of 4 to 1. The propeller is 
of the 3-bladed type with a diameter of 9 feet 9 inches and differs 
from those of the earlier Parseval airships in that the blades are 
semi-rigid, being constructed on a framework so pivoted at the 
base of the blade as to prevent the stresses upon the latter reach- 
ing a point dangerous te their safety. The suspension of the car 
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is analogous to that of the larger Parseval types, except where slight 
alterations were necessary owing to the reduced dimensions, the car 
depending from the balloon by cables arranged in parallelogram 
form so as to always keep it hanging in a direction parallel to the 
longitudinal axis of the balloon. But it is otherwise free to travel 
back and forth in a path controlled by two idlers on sliding ropes 
running obliquely fore and aft. This arrangement prevents any 
accidental inclination of the balloon in starting due to the thrust 
of the propeller, which accordingly always acts with its driving point 
located at the center of resistance of the airship. 

Gross. The Gross has also been approved by the German 
government. This is a dirigible of the usual type driven by two 
75-horse-power motors. 

The Gross II has been recently built for the Prussian Aeronautical 
Battalion under the supervision of its commander, Major Gross. 
It is almost identical with the Gross I. Its movements are kept 
more or less secret, but it frequently crosses over Berlin. Two 
hangars or air harbors have been constructed for the Gross I and 
her sister ship. 

Krell I. That it is possible to build a successful airship of the 
imposing dimensions. of the various Zeppelin craft without the charac- 
teristic rigid frame deemed indispensable by the latter, is shown by the 
test of the Krell I, which was finally launched in the fall of 1911, after 
two years had been spent in its construction. All the weight saved 
by the elimination of the rigid frame has been put into additional 
propelling power, and as the new airship has almost as low a head 
resistance due to its rigging as the Zeppelin, and a total of 500 horse- 
power, as compared with the 165 horse-power of the first of the 
latter type, its speed is much greater. The Krell I may best be 
described as a “non-rigid Zeppelin.” Its large size—393.7 feet 
long by 42.65 feet diameter with a displacement of 473,739 cubic 
feet—makes necessary a slender-shaped balloon, similar to that of 
the Lebaudy non-rigid dirigible, the Morning Post, previously 
described, because even the natural static pressure of the gas against 
the back of the envelope when under way, due to the greater “head” 
of gas resulting from increased beam, acts as a stiffener. This 
clearly illustrates how much of its strength the big Zeppelin derives 
from the pressure of the gas alone, quite independent of the rigidity 
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of its frame. There is the same long passageway of triangular cross 
section running the entire length of the ship directly below the bal- 
loon, but in this case, it is made of cloth without any stanchions, 
the only rigid part of it being the flooring, though it is said to feel no 
less solid than the Zeppelin construction. This not only provides 
communication between the three cars, but also houses the water 
ballast tanks as well as the fuel and oil tanks, thus distributing the 
load over the entire length. The three cars differ from those used 
on the Deutschland in that the pilot’s bridge has been placed in the 
center car, instead of the forward one, thus permitting two motors 
to be placed in the latter and the other two motors in the after car. 
The passengers are carried in the center car. However, the pro- 
pellers being directly mounted on the cars and not on the flexible 
hull, thus avoiding long transmissions, more propellers have been 
provided. There are three on each car, or six in all. In each of 
the forward and after cars, a 125-horse-power motor drives two 
2-bladed propellers, mounted on outriggers at the sides, while the 
other motor of the same power drives a single 4-bladed propeller 
mounted directly on the elongated shaft of the motor extending 
behind each car. These shafts are supported by steel tubing in 
pyramid form. The two engine cars are so far apart that no inter- 
ference results from this compact arrangement, especially as the 
center is raised to the same level as the other two, following Zeppelin 
practice in this respect. The auxiliary power plant is carried in the 
center cay, and as the blowers for maintaining the necessary pressure 
in the aif balloonets must naturally be large on an airship of such 
size, this takes the form of two 25-horse-power motors. Only one - 
is employed, the other being held in reserve. The three cars are 
only slightly lower beneath the hull than were those of the Deutsch- 
land, the short suspension cables being made fast to the cloth sides 
of the long passageway. But several auxiliary cables are also led 
from the cars directly to the envelope to which they are attached, 
as in the Parseval type, by layers of bands or huge reinforcing 
“patches” sewed to the outside of the balloon. Horizontal rudders, 
similar to those of the Zeppelin, are employed, but they are much 
smaller and are mounted on the sides of the passageway instead 
of directly on the balloon. They are placed above the front and 
rear cars and there is also a horizontal propeller, placed beneath 
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the floor of the center car, designed to be driven by the reserve 
motor in case of emergency. Communication between the cars 
and the passageway is by means of ladders, the cars themselves 
being surrounded by a tubular framework resembling a cage. The 
huge vertical rudder is similar to that of the Clement-Bayard II. 
It is like a Venetian blind with five slats and is mounted just below 
the easy curving stern, being supported by a tubular framework 
secured to the envelope at points protected by reinforcing patches, 
in exactly the same manner as the Parseval construction of this 
essential. The shape of the hull is also similar to that of the Parseval, 
but it has been elongated to such an extent as to more closely resemble 
the Zeppelin. . 

Veeh I. In contrast with all of the German dirigibles thus 
far described, the Veeh embodies many: of their features, but at the 
same time differs radically from every one of them.: It is of the 
semi-rigid type, but is of such novel construction as not to resemble 
any of the airships of this type previously built. The frame is in 
the form of a single girder extending the entire length of the bal- 
loon, from the tip of the bow to the point of the stern. It is in the 
form of a keel and is built up of light steel tubing. This results in 
quite a novel form of airship. As the balloon is rigidly connected 
with the steel keel throughout its length, all forces are well dis- 
tributed and the necessity of compensating for any stresses by an 
excessive tension of gas pressure is eliminated. The envelope is 
thus subjected to considerably less strain and the risk of explosion 
greatly reduced. The rigid girder frame also permits of a simple 
and compact arrangement of the power plant and drive besides 
affording a solid support for the stabilizing surfaces and the rudder. 
Two pairs of 2-bladed wood propellers, 13.2 feet in diameter, are 
driven by two six-cylinder, 150-horse-power motors through triple, 
parallel, rubber cables. The propellers are enclosed in light metal 
cases to protect the envelope and the passengers in case the propeller 
should break under the high centrifugal stresses. The lateral rudders 
are placed in the air current developed by the propellers, which makes 
them so effective that the airship may be turned practically on its 
own axis. Both the elevating rudders and the stabilizing surfaces 
are solidly stipported by brackets attached to the steel keel, the 
tubular framework of the latter being covered with fabric and in 
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Nulli Secundus. British War Dirigible 


Fig. 19. 
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part closed up by panels of cloth, to cut down the head resistance. 
These panels also act as lateral stabilizing surfaces in addition to 
affording shelter for the passengers. The envelope is of metallized 
balloon fabric with a capacity of approximately 9,800 cubic yards 
and in the form of an elongated cylinder with comparatively blunt 
ends of similar shape. It is subdivided into nine independently 
dismountable gas compartments and is provided with two air bal- 
loonets, each of about 1,100 cubic yards capacity. The airship 
measures 248 feet in length and has a spacious trapezoidal gondola 
between the frame of the keel, measuring 132 feet long by 3.3 feet 
wide at the center. Inclusive of the frame, rudder, stabilizing sur- 
faces, propellers, motors and drive, the total weight is only 3,100 
pounds. With a fuel supply sufficient for a 10-hour flight and the 
full complement aboard, the airship still has a reserve buoyancy of 
2,200 pounds. Skids and spring-mounted wheels are provided below 
the frame to absorb the shocks of landing. Owing to the remarkable 
simplicity of the design and the low cost of the materials employed, 
the expense for construction is comparatively small. 


BRITISH DIRIGIBLES 


In spite of the fact that a great deal of money has been spent 
upon the building of dirigibles in Great Britain during 1910 and 
1911, the results have amounted to little or nothing, being confined 
practically to the short trips of the Nulli Secundus and the various 
trials and tribulations that the Morning Post has suffered almost 
every time an attempt has been made to fly her. The last-named 
airship is a large Lebaudy type constructed in France, while the 
former is of British design and construction, having been built for 
military purposes. As dirigible standards go nowadays, however, 
the Nulli Secundus is only a third- or fourth-rater. Fig. 19 shows 
the general construction excellently. It will be noted that the 
direction rudders are placed forward instead of at the stern, as is 
the usual practice. The gas bag is provided with a hull or keel, 
similar in form tc that of a ship, and from this is suspended the car. 
At the forward end and on either side of the keel is a series of five 
horizontal projecting fins, by means of which the airship’s course 
can be deflected up or down. At the stern and on a level with the 
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bottom of the keel, is a transverse horizontal plane which forms an 
additional rudder for use in ascending and descending. The Nulli 
Secundus has a length of 111 feet and a capacity of 85,000 cubic 
feet. She is driven by two propellers run by a single motor and is 
capable of carrying three persons at a speed of 20 miles per hour. 
Instead of employing the usual balloon cloth of cotton or silk com- 
bined with rubber,the gas bag is made of eight layers of goldbeaters’ 
skin—about as expensive a material as could well be found for the 
purpose. This is made from the lining of the digestive tract of cattle 
and about 60,000 animals were necessary to furnish sufficient for 
the making of this one envelope. Compared with the one insignificant 
dirigible of 30,000-cubic-foot capacity owned by the United States, 
the Nulli Secundus takes on considerable importance, but when 
judged according to the standards set by the Continental govern- 
ments, she is a negligible factor. Two or three of this type have been 
built for British military use and are employed in training army 
officers. 

A huge British dirigible for naval use, and of which much was 
expected, was built during the winter of 1910—1911. In its dimensions 
as well as in its numerous special features of design and arrange- 
ment, this monster was to surpass anything of the kind that had ever 
been built, and its ability in the air was to be in proportion. Unlike 
previous British dirigibles, the Mayfly, as the big ship was named, 
was built with a rigid frame similar to the Zeppelin type. There 
probably have been few airships built in any country that involved 
the expenditure of so much money as this one, but the only reward 
of months of labor and waiting was to see her ignominiously broken 
in half when an attempt was made to take her out of the shed. 


AMERICAN DIRIGIBLES 


United States War Balloon. At The Hague Peace Congress, 
the representatives of the United States signed a clause by which 
she, of all the first or second rate powers, was debarred from using 
airships as a means of offensive warfare. Yet the United States, by 
the purchase of the Baldwin dirigible balloon in 1908, committed 


herself to a policy of maintaining airships as a part of her military 
equipment. 
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The Baldwin was the only one of the three aerial craft that ful- 
filled the government requirements during the trials made that 
summer at Fort Meyer, Virginia. Specifications were sent out by the 
chief signal officer of the army, inviting bids for a dirigible balloon. 
Among the proposals received was that of Capt. Thomas Baldwin, 
and after the official trials the contract was awarded to him. He 
delivered his airship in August, 1908, and it received the name, 


Fig. 20. Captain Baldwin’s Dirigible, the United States Army Dirigible I 


Dirigible I. It has a length of 96 feet, a maximum diameter of 194 
feet, a volume of 20,000 cubic feet, and is designed to carry two 
persons. At its official trial, it made a maximum speed of nearly 20 
miles an hour, and remained in the air for two hours, covering a 
distance of 27 miles. A general view of the United States army 
airship, Dirigible I, is shown in Fig. 20. 

The America.* As Wellman’s attempt to cross a stretch of 
3,000 miles of ocean in a dirigible was by far the most ambitious 
undertaking of the kind ever attempted, a detailed description of 
the airship and the numerous special features designed to make such 
a lengthy voyage possible will be of interest. Contrary to the gen- 
eral impression, this was not the same dirigible in which the unsuc- 
cessful attempt to reach the North Pole from Spitzbergen was made. 


* Excerpt from Chief Engineer Vaniman’s detailed description of the America. 
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The balloon itself measured 228 feet in length overall, and had a 
diameter through its greatest transverse section of 52 feet, giving 
it a lifting power of close to 12 tons, or to be exact, 23,650 pounds. 
The weight of the envelope alone exceeded 2 tons, the balloon proper 
being made of a costly fabric composed of two layers of silk and one 
layer of fine cotton cloth, gummed together with rubber. There 
were about 4,000 square yards of this rubberized cloth required, 
weighing approximately a pound to the yard, and having a tensile 
strength of 100 pounds to the square inch. This combination was 
adopted as the silk and cotton provide great strength to resist the 
internal and external pressure, while the rubber binder made the 
fabric almost gas-tight. 

At the center of pressure, or the greatest diameter of the balloon, 
the fabric was used three-ply, and the most painstaking care was 
used in every detail of its construction to obtain the maximum 
strength and at the same time reduce the gas leakage to a minimum. 
The seams were wide lapped, sewed, and gummed, and extra strips 
were glued over them to cover the needle holes to prevent the escape 
of the gas. As the weight of the balloon complete with its air bal- 
loonets,. valves, and other appurtenances was 4,700 pounds, it had 
a net lifting force of 18,950 pounds. In other words, the volume of 
gas required to inflate it was sufficient to carry its own weight in 
the air and a load of almost 94 tons besides. Although hydrogen 
gas has a weight of only one-fourteenth that of air, it required more 
than a ton of it to inflate this huge gas bag to its full capacity. The 
manufacture of this quantity of gas was not an easy or inexpensive 
operation. The plant to generate the gas was made in Paris, shipped 
to Atlantic City in sections, and there set up just outside of the shed 
housing the airship. More than 100 tons of sulphuric acid, 60 tons 
of iron turnings, and hundreds of tons of water were needed for the 
process. Before being admitted to the balloon the gas had to be 
thoroughly cleansed and purified to make it as light as possible and 
eliminate all acids that might destroy the costly fabric of the balloon. 
This was accomplished by “washing” the gas, or passing it through 
water, and subsequently drying it by again passing it through cylin- 
ders filled with coke, permanganate of potash, and calcium of lime. 
As pure hydrogen is odorless and gives no sign of its presence when 
escaping, several gallons of oil of peppermint were used to perfume 
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it in order to immediately detect leaks. The cost of inflating the 
America exceeded $5,000. 

Type of Construction. The type of construction employed was 
what is known as the “semi-rigid” similar to the Gross (German) 
dirigible, 7.e., a rigid suspension depending from a flexible gas con-} 
tainer. The car measured 156 feet in length and consisted of a truss 
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Fig. 21. Wellman’s Airship ‘“America,’’ Showing Arrangement of Car .. 


of triangular section, built up of light steel tubing shown in Fig. 21, 
and more in detail in Fig. 22. The bottom chord of this truss was 
a cylindrical steel tank with pointed ends, 75 feet long, employed for 
carrying the main supply of gasoline, and having a capacity of 
1,500 gallons. At the top of the truss a series of transverse brackets 
was placed, the bag being attached to the car by means of rope 
connections between the ends of these brackets and a strong band, 
or web, formed on the envelope itself. This relingue, as the French 
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term it, was sewed to the fabric about ten feet below the horizontal 
axis of the balloon. For an emergency descent, there was a “ripping 
knife,’ Fig. 23, shaped like an anchor and attached to a rope lead- 
ing to the car. Pulling this would have cut the gas bag practically 
in half. From the gasoline tank fore and aft, the bottom chord 
consisted of tubular extensions. To stiffen the gasoline tank laterally, 
stays were run from the ends of the extensions to horizontal cross- 
pieces at the ends of the tank and thence back to the body of the 
tank, Fig. 22. Further reinforcement was obtained by means of 
numerous wire cable stays, the whole practically forming a bridge 


Sensors 


Fig. 24. View of Car Showing Propellers and Canvas Covering 


which in places was said to be capable of withstanding a stress of as 
much as 10 tons. No net, or hood, was employed on the gas bag to 
add to its resistance in motion through the air, the external surface 
of the balloon being as smooth and tight as a drum head. The car 
and its machinery were attached to the band on the balloon by 188 
hemp lines, attached at as many points on this band and terminating 
in eyes from which hung the cradle of suspension cables passing under 
the car. The latter was entirely closed by walls of canvas pierced by 
several celluloid windows, Figs. 24 and 25, while several A: See 
bunks were hung from the transverse braces directly beneath the 
under side of the gas bag, Fig. 22. 
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Motive Power. The motive power consisted of two engines, 
the forward one of which was a Lorraine-Dietrich four-cylinder, 
water-cooled automobile motor rated at 80 to 90 horse-power (the 
one at the right in Fig. 24) and weighing with its radiator and equip- 
ment close to 1,000 pounds. It drove a pair of wood screws, 12 
feet in diameter, at 500 r.p.m. The other, Fig. 26, was an E.N.V. 
eight-cylinder aeronautic motor rated at practically the same power, 
and driving a second pair of screws 10.5 feet in diameter at a speed 


Fig. 25. Close View of Car Showing Windows and Long Gasoline Tank 


of 750 r.p.m. In both cases, the screws were carried on long shafts 
extending outboard and constituting extensions of the crank shafts 
of the motors—in other words, they were direct connected. In the 
case of the after pair of screws, they could be utilized either to propel 
the ship forward, as shown in Fig. 24, or they could be employed to 
assist either in its ascent or descent, due to the fact that they were 
driven through the medium of bevel gearing at the ends of the engine 
shafts and could be adjusted so as to exert their force in any direction 
included within an arc of 180 degrees, Fig. 26. This expedient was 
adopted to take the place of the stabilizing eg usual in French 
construction, or the sliding weight of Zeppelin’s airships. It was 
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made possible through the ingenious invention of Chief Engineer 
Vaniman. As already mentioned, the drive between the shaft and 
propeller was through miter gears. The shafts themselves were 
carried in conical supports projecting out from the sides of the car, 
and these supports were capable of being revolved through the 
medium of worm gears and hand wheel. As the propeller shaft is 
turned through an angle, the gear it carries is free to travel on the 
gear keyed to the power shaft. 

In addition to these two motors, there was also a third, or 
“donkey engine,” to revert to marine parlance. This was a small 


sepnanannatatantnnaannatinnsecco 


Fig. 26. View of Rear Propellers Set Horizontally for Lifting the Airship 


four-cylinder, vertical, water-cooled, gasoline motor rated at 10 to 
12 horse-power. It was intended for a number of purposes, one of 
the most interesting of which was cranking the larger engines to 
start them. To accomplish this, the donkey engine shaft was geared 
to the shafts of the larger motors by means of clutches which auto- 
matically released as soon as the large motor started. This small 
engine also served to drive the pumps for inflating the air-balloonets 
the arrangement of the latter being clearly shown in Fig. 23. There 
were six in all, four placed forward and two aft, and all werc 
fed with air from a common duct. Each balloonet, however 
was provided with its own individual valve, so that the cba 
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tion of the air ballast could be controlled and the ship kept on an 
even keel. 
Accessories. The rudder consisted of three verticdl planes, 
Fig. 23, the center plane being broader than the other two, which 
were set back a few feet so that when the rudder was turned sharply 
to one side or the other, the plane at the inner side of the turn would 
neither come in contact with the balloon, nor screen the center 
plane, thereby cutting off its resistance to the air. The bunks already 
mentioned were only in the form of extra accommodation, the main 
sleeping quarters being in a lifeboat suspended beneath the car, 
Fig. 24, and providing accommodation for the crew of six, consisting 
of Walter Wellman, who was responsible for the undertaking, Melvin 
Vaniman, chief engineer, Murray Simon, navigator (junior officer of 
the steamship Oceanic), J. R. Irwin, wireless telegraph operator, and 
two mechanics. This lifeboat, shown in section in Fig. 23, was 
specially constructed for the purpose so that while it had an overall 
length of 27 feet by 6 feet beam, its total weight was only 1,000 
pounds. This was accomplished by making the hull of layers of 
mahogany veneer and canvas, giving it the appearance of being built 
of solid wood. Two watertight compartments were provided fore 
and aft, and the boat was self-bailing so that it could keep afloat in 
the heaviest sea. There was no power in the boat, but a jury mast 
and sail were carried along, together with an ample stock of pro- 
visions and water, so that in case of abandonment it would be possible 
to keep afloat for a considerable time. Through the center of the 
boat was an upright steel tube through which the equilibrator passed. 
The wireless apparatus of the expedition was installed in a for- 
ward compartment of the boat so that it could be employed both 
while in the air and after the airship had been abandoned. That 
is, as long as the current held out. The radius of action of-the instru- 
ments was about 100 miles, and they were provided with current 
from a small set of storage batteries kept charged by a dynamo 
driven by the donkey engine. Current from this battery also pro- 
vided electric lights for the car and boat. In addition to this, there 
was a telephone system between the boat and car. As it would 
undoubtedly be necessary to get away quickly in case the airship 
had to be abandoned in an emergency, the boat was suspended on 
special self-releasing hooks, so that by cutting a single rope it could 
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be dropped instantly. That this was a ticklish maneuver even under 
very favorable conditions was shown by the actual rescue of the crew. 
It was rendered so by the presence of the equilibrator which 
did not act quite as effectively in practice as its theory w ould indicate. 
Its purpose was to take the place of the usual drag rope carried b+ 
the ordinary spherical balloons in drifting. As in view of the tre- 
mendous lifting power of the America, it would be necessary to 
provide a drag rope of considerable weight, advantage was taken 
of this to make of tk equilibrator a sort of automatically compen- 
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Fig. 27. Diagram Showing Construction of Equilibrator and Method of 
Suspending it from the Car 


sating balance, hence its name. In fact, it took the place of the 
ballast ordinarily carried. To give it sufficient weight, it was made 
of 30 short steel cylinders, each of which was convex at one end and 
concave at the other, and, as is made clear by the detail view, Fig. 27, 
the convexity of one tank seated in the concavity of the next, forming 
a sort of universal joint. This whole series of tanks had longitudinal 
holes running through their centers and were strung on a heavy steel 
cable, or flexible wire rope. To prevent one tank from damaging 


DIRIGIBLE BALLOONS 69 


the next a felt packing was placed between them and the passage 
for the cable through the convex portion was flared, or bell-mouthed, 
so that there would be no danger of shearing the wire rope. 

At the end of the series of tanks, a series of 40 wood blocks, 
each 20 inches long, was strung on the cable, forming a sort of “rat 
tail” to protect the lower end of the equilibrator by taking the shock 
of suddenly striking the water. The total length of the equilibrator 
was 330 feet and the steel tanks were utilized to carry an extra supply 
of gasoline. The joints between these tanks mde it so flexible that, 
in the space of four tanks, it could be turned at right angles without 
injury. At its lower end, the wood blocks tapered from about 10 
inches in diameter, down to 4 inches at the extremity. Owing to its 
great length it was utilized as the antennae of the wireless outfit, in 
addition to carrying a supply of fuel. 

The purpose of the equilibrator was to: avoid the necessity 
of carrying sand ballast to counteract temperature changes and 
eliminate any occasion for permitting gas to escape. The lower 
end was designed to trail on the water and be supported by it and 
to guard against losing it in stormy weather, the construction was 
such as to withstand a heavy sea. This was naturally made neces- 
sary by the fact that each of the tanks with its store of gasoline 
weighed about 100 pounds, making the total weight in excess of 2 
tons. The latter was really ballast with a string attached to it, 
for as the balloon descended more of the equilibrator would rest on 
the water and a correspondingly increasing percentage of its weight 
would be water borne, thus relieving the airship and increasing its 
lifting force in proportion. When the balloon tended to rise, it was 
first necessary to lift the entire length of the equilibrator out of the 
water before its height could exceed 330 feet in the’air. As soon as 
this took place, the entire weight of 2 tons or more acted as bal- 
last to prevent the balloon rising to a great height. 

To appreciate the importance of this arrangement in its bearing 
upon the ability of the America to stay in the air, it is necessary to 
realize what extremely variable atmospheric conditions are met 
with and what their effect is on the balloon. Hydrogen gas expands 
or contracts qaz part of its volume for every increase or decrease in 
temperature of 1°F. Gas within a balloon subjected to hours of 
warm sunshine will store heat in much the same manner as a green- 
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house does, and when a poor conductor of heat such as rubber is 
present as in the fabric of America’s envelope, this is accentuated 
as more of the heat is retained and the gas accordingly becomes 
much warmer than the surrounding air outside. Assuming that the 
gas reached a temperature of 100° F. during the afternoon, which 
could hardly be avoided on a bright day even in Fall, and then dropped 
to 50° during the night, it would involve a contraction equivalent 
to one-tenth of its volume. This represents an extreme case, but a 
variation of one-twentieth was quite probable. With the America, 
that would mean a loss of approximately 1,200 pounds of lifting 
force. In other words, to prevent settling, an equivalent weight 
must be subtracted from the load. Coming down would cause an 
increase in the atmospheric pressure, still further contracung the 
gas, while a rain storm might augment its load by depositing any- 
where from 500 to 1,000 pounds of water on the 4,000 square feet of 
surface presented by the envelope. Assuming that this has occurred 
during the night and that the following day is bright, exactly the 
opposite of these conditions will obtain. The sun will dry out the 
envelope, expanding the gas until the air is driven out of the bal- 
loonets through the automatic pressure valves and the lifting power 
is greatly increased. There will then be a strong tendency to rise 
and, under ordinary conditions, the only means of counteracting this 
would be to permit the escape of gas. 

This would reduce the sustaining power of the balloon during 
the next period of contraction, so that without special means of 
guarding against the necessity of sacrificing ballast to prevent com- 
ing to the earth, and gas to avoid getting too far away from it, the 
voyage would naturally be limited to a very short period—nct more 
than two or three days at the most. It would also involve carrying 
a great deal of ballast, thus sacrificing the amount of fuel that could 
be taken. Were the ship to rise to any great height, there would be 
the danger of coming down too fast should the gas suddenly begin 
to contract, and the momentum gained in descending from a great 
height could be overcome only by relieving it of a great deal of weight. 

The equilibrator, on the other hand, was designed to maintain 
the America between 100 and 200 feet above the water. The ballast 
automatically “thrown overboard” when the ship dropped lower was 
again picked up when it was needed and in the same manner. This 
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meant saving gas and augmenting the quantity of fuel that could 
be carried, making it possible to prolong the voyage from the forty- 
eight-hour limit otherwise practicable to the eight or ten days that 
were thought to be necessary to cross the ocean. In theory, the 
device appeared to be entirely practical. As a matter of fact, this 
was not the first time it had been tried, having been employed on 
the original America, in which Wellman made an attempt to reach 
the North Pole a couple of years previous. In this instance, the con- 
ditions were entirely different, one of the chief requirements being an 
ample supply of provisions, as the explorers might be lost for several 
months. The equilibrator, therefore, took the form of a long leather 
tube which constituted the drag rope, and in which the food was 
carried. The limited experience with it under favorable weather 
conditions in the Arctic showed that it rode smoothly, and, being a 
continuous body, it did not offer any substantial resistance when 
towed. Unfortunately, it dropped into the ocean within two hours 
after leaving Spitzbergen, thus depriving the expedition of its sup- 
plies. This leather food bag was the predecessor of the equilibrator. 

To cross the Atlantic, what was most needed was food for the 
motors. Their combined power only sufficed to drive the America 
at a speed of 26 miles an hour, while one of them could propel her 
at the rate of 20 miles an hour. But as each motor consumed 1,000 
pounds of gasoline per day, it was intended to keep only one in 
operation, holding the other in reserve, and also for emergency pur- 
poses when necessary to prevent being driven back by contrary 
winds. With the above speed as the basis, it would require six days 
to cross the Atlantic in a perfect calm or its equivalent, 7. ¢., the 
favoring winds of one day neutralizing the contrary air currents of 
other days. To allow ample margin, ten days travel was provided 
for, thus making it necessary to carry 10,000 pounds of gasoline, or 
5 tons. Of this quantity 4 tons were carried in the steel tank forming 
the foundation of the car, and the remaining 2,000 pounds in the 
equilibrator. 

The equilibrator passed down through the center of the car, and 
through a well in the center of the lifeboat, as shown in Fig. 22. It was 
supported by a pair of steel cables running forward and another pair 
running aft. To provide a certain amount of flexibility, sections of 
Manila rope were introduced into the steel cables as indicated, To 
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be able to utilize the supply of gasoline in the tanks, a pair of winches, 
Figs. 22 and 27, were provided to haul the upper pair of cables in, 
taking the strain off the lower pair so that they could be discon- 
nected by a number of the crew let down in a “bosun’s chair.” The 

ppermost tank was then hoisted and the cables made fast again 
belaie it. Then the upper cables were slackened and detached to 
permit of drawing the tank up into the car. Contrary to what might 
appear to take place, in pulling in on the winches, the equilibrator 
would not be hoisted but the airship drawn down. 

In the forward end of the car was placed the navigator’s bridge, 
where the compass, leeway indicator, and the steering wheel were 
placed, the latter being connected by light steel cables to the triplane 
rudder of steel tubing and canvas. Here also were placed the meteoro- 
graph, an instrument to record combined atmospheric phenomena, 
the barograph (altitude recorder), and the thermograph (recording 
thermometer), as well as the statoscope (a form of aneroid barometer 
having a large air reservoir and highly responsive to minute fluctua- 
tions in pressure). Speaking tubes led aft to the engine room. The 
problem of navigating the ship was naturally no easy matter. While 
its position would be ascertained from time to time in the usual 
manner, by the aid of the sextant and chronometer, its actual course 
at any time would be hard to determine. For instance, if it were 
traveling east at 20 miles an hour, and the wind were blowing south 
at the same speed, its actual course would be southeast, although 
the compass indication would be east. Wind vanes or similar instru- 
ments would be of no assistance as they would have no connection 
with the sea as a basis from which to determine the direction of 
motion, though this could be obtained by means of a log line let 
down from the lifeboat. As it was not desired to reach any par- 
ticular port, there was no great necessity for accuracy in navigation, 
the only aim being to get across the ocean. 

Akron. It was with no feeling of regret that Melvin Vaniman, 
leaning over the taffrail of the steamer Trent, watched the ill-fated 
America sink slowly to the sea. It might be supposed that the 
engineer who had spent so many years of work on this dirigible 
would entertain some sentimental regard for the old balloon. But 
Vaniman’s thoughts were already centered on another expedition 
in which he would not be hampered with old material, an old gas bag 
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and old engines, but could plan an entirely new airship made of brand 
new material and exactly as he wanted it. The America had served 
its purpose well, and from her the lessons had been learned that were 
necessary to make a future airship successful. 

When the America was abandoned, it was structurally sound, 
showing that the principles involved were correct. One part only 
had failed: A key worked loose in one of the propellers, as already 
described, depriving the airship of the use of the horizontal pro- 
pellers, and to this defect Vaniman attributed the failure of the 
expedition. Contrary to public opinion, Vaniman’s faith in the 
equilibrator, or its equivalent, was not shaken. Its action in the 
sea, its defects and good qualities were all known after this voyage, 
and it was from this experience that he got to the heart of the prob- 
lem, viz, the designing of a device that would serve the purpose of 
the old equilibrator without the latter’s defects—a device that 
would have changeable and not a fixed weight, in other words, an 
equilibrator that could be made heavy or light at will. 

The new expedition has been financed by F. A. Sieberling, 
president of a large rubber goods manufacturing concern, and the 
envelope of the Akron was made in the Ohio city after which it is 
named, under Vaniman’s personal direction. It differs considerably 
from that of the America, being much longer and of smaller diam- 
eter, Fig. 28, with a tapering stern, instead of the former blunt- 
nosed, double-ended form. The old hangar at Atlantic City was 
impressed into service again, but the 268-foot length of the new ship 
exceeded its housing capacity by 10 feet, and, rather than enlarge 
the building, which could have been done only at considerable 
expense, this much of the balloon was sacrificed, the dimensions 
of the latter thus being 258 feet overall, by 47 feet in diameter. 
Below the balloon is suspended a car similar in shape to that of the 
America, but considerably longer. The body of this car forms a 
steel tank capable of carrying 5 tons of gasoline, and on this tank 
a platform constituting the floor of the car is built. To drive the 
airship, three engines are provided, one of 100 horse-power, placed 
forward and fitted with two propellers adapted to revolve only in a 
vertical plane, and two others of 100 and 80 horse-power, respectively, 
farther aft. These two motors are fitted with propellers which may 
be revolved at any angle between the vertical and horizontal planes, 
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being adjustable through an arc of 180 degrees by the aid of a bevel 
driving arrangement similar to that on the America, and designed 
to enable the thrust of these propellers to be utilized fdr raising or 
lowering the airship. Normally, only the forward motor will be 
employed to drive the ship ahead and, from the results of the short 
trial trips made, there seemed to be no reason for believing that 
the speed of 30 miles an hour for which the ship was designed when 
running under this one motor, would not be realized. Under full 
load, this motor consumes about 60 pounds of gasoline per hour, so 
that the supply of 5 tons should last a week. 

When utilizing the forward motor alone for driving, the pro- 
pellers of the other two motors will be feathered, or adjusted hori- 
zontally so as to present the minimum surface to the wind, thus keep- 
ing down the head resistance. In addition to the engines in questicn, 
there is also a 17-horse-power motor directly coupled to a dynamo 
to supply electric current for lighting and for the Marconi wireless 
equipment, Fig. 28. It also operates the blower for filling the air 
balloonets and drives a countershaft from which any of the larger 
engines can be started by power. Two of the larger motors are of 
the six-cylinder type, the other being an eight-cylinder, while the 
auxiliary motor is a four. Benefiting from the experience on the 
America, the envelope of which was in constant danger of being set 
afire from the exhaust of the motors, the engines of the Akron are 
equipped with specially-designed mufflers attached directly to the 
manifold. One of them is fitted with an oven for use in cooking, Fig. 28. 

Substitute for the Equilibrator. According to Vaniman the crux 
of the problem lies in the ability to keep the airship down at a 
moderate level. It is an easy matter to design an airship that will 
have sufficient carrying capacity to cross the Atlantic, but the dif- 
ficulty is to maintain the airship at a constant. moderate elevation 
above the water during the voyage. The equilibrator having failed 
signally to do this in accordance with its theoretical promises, it 
has been abandoned, and the height of the Akron is designed to be 
controlled by taking on water ballast; also by the use of stabilizing 
planes fore and aft, while in case of emergency, the elevating and 
depressing propellers, which have been doubled in number and 
power, can be resorted to. As shown by the sketches, Fig. 28, 
there are three planes on each side of the car, those forward being 
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curved upward, thus constituting depressing planes, while those 
at the rear are curved downward and are designed to be employed 
as elevators. The latter are mounted on the rudder. These planes 
may be tilted to any angle desired and serve to keep the airship on 
an even keel. When dipping down to take water, the forward planes 
will be used for depressing the bow, and the rear planes for elevating 
the stern. These planes are separately controlled by hand wheels 
on either side of the binnacle, as shown in the detailed sketches of 
the steering gear in Fig. 28. The level of the ship may further be 
controlled to a considerable extent by inflating the balloonets for- 
ward at the expense of those in the rear, when it is desired to make 
the bow heavier than the stern, and vice versa. To scoop up water 
ballast, it will be necessary to drive the ship down near the level of 
the ocean, which may be done by tilting either pair of adjustable 
propellers to the proper angle. The only object in having two sets 
of adjustable propellers is to provide an extra set for reserve. The 
device with which water ballast is scooped up is somewhat similar 
to the equilibrator used by Wellman. It consists of tanks about 6 
inches in diameter and 24 inches long, strung upon cables exactly 
as were the gasoline tanks of the equilibrator, Fig. 28. These ballast 
tanks are provided with openings near the upper end of each so that 
by dragging them in the sea, they will scoop up water. There will 
be three sets of tanks strung on separate cables, and under normal 
conditions they will not hang from the car as did the equilibrator, 
but will be stored in the body of the vessel. When taking up water 
for ballast, if the wind be strong, the airship will be headed into the 
wind and the tanks will be trailed from a point aft of amidships, so 
there will be no tendency for the airship to nose down into the sea. 
It is planned to maintain the Akron at an elevation of between 200 
and 1,000 feet at the outset of the voyage, but as the airship is 
lightened by the consumption of gasoline and provisions, it may 
rise to much greater heights. During the daytime, it will have to be 
heavily water-ballasted in order to hold down to these levels when 
the gas in the balloon is expanded by the heat of the sun. At night, 
this ballast will be emptied overboard to compensate for contrac- 
tion and the consequent reduced lifting capacity of the balloon. 
Suspended below the Akron is the same lifeboat in which the 
crew of the America made their escape, but its construction has 
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been materially altered to facilitate launching as well as the greater 
comfort of the crew. The well in the center has been eliminated 
as there is no longer any equilibrator to pass down through it. A 
much larger wireless equipment with a sending range of 500 miles 
is also installed in the boat, a ground being provided by trailing a 
wire in the sea. The crew of the Akron numbers seven men all 
told, consisting of the commander, navigator, helmsman, wireless 
operator, two engineers, and one extra man for general work. Pro- 
visions are carried for a cruise of twenty days. . The original inten- 
tion was to start in October, 1911, but so many causes of delay arose 
that the Akron was not ready for its first trial trip until November. 
Several trial trips were made, one or two of which were marred by 
slight accidents, though generally successful, so that it was decided 
to postpone the start until the following spring. 

The navigation of a dirigible is a much more difficult thing than 
that of a steamer, as both the speed and the direction of travel are 
more or less uncertain. Had it not been for the equilibrator dragging 
in the water, the crew of the America would not have known that 
she was traveling broadside on, after the motors were finally stopped 
for good, nor how fast they were going., In fact, as the dirigible 
without its motors is simply an old-type balloon that drifts with 
the wind as if it were a part of it, there is no sensation of movement 
whatever and naturally none of direction when over the open sea, 
for want of fixed objects to use as points of observation. In this 
connection, Vaniman has devised a number of interesting instru- 
ments which will indicate the direction of travel and likewise the 
speed of the airship. One of these consists of a combined camera 
and compass, the camera having its ground glass divided into equal 
squares. By noting how long a “fixed object” on the water below 
takes to pass across a given number of squares, in connection with 
the altitude as indicated by the barometer, it will be possible to cal- 
culate definitely by means of triangulation the speed at which the 
vessel is traveling, and, by reference to the compass, the direction 
of travel. At first sight, it would seem as if this method would fail 
for want of a fixed object to observe, but it will be recalled that 
though waves travel, the water that forms them is practically 
stationary. Hence, the foam of a white cap may be considered 
as practically a stationary object while it lasts. In addition, 
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Vaniman has also developed a special type of sextant for use on the 
expedition. 

‘Wire-Wound” Fabric. The fabric employed in the making 
of the envelope of the Akron is said to be the strongest ever employed 
for the purpose, so that by continually pumping air into the balloonets, 
air ballast can be added and the ship brought down from a consider- 
able height. The value of this feature was strikingly shown in one 
of the trial trips when the airship was brought down in this manner 
from a height of 2,000 feet, after an accident to one motor and the 
breaking of the propeller shaft of another. 

This powerful control over the gas led Vaniman to make 
a further study of the subject and he calculated the strength of a 
fabric necessary to resist the increased pressure in the envelope due 
to a rise in temperature of 50 degrees F. With only a small factor of 
safety, it was found that the tensile strength necessary was 1,000 
pounds to the square inch, or 18 tons to the yard. To obtain this 
increased strength, a special fabric interwoven with fine piano wire 
must be employed, the wires running longitudinally and circum- 
ferentially without cuts or joints, so that their maximum tensile 
strength may be relied upon, the longitudinal wires being spaced 
ts inch and the circumferential wires 3't inch apart. This fine mesh 
renders the envelope. both fireproof and lightning-proof on the prin- 
ciple of Davy’s safety lamp, while this great wire cage will doubtless 
serve as an excellent antenna for wireless work. On an airship of the 
Akron’s size, the increased weight due to the wire is about 23 tons. 

The additional weight of the wire would reduce the net lifting 
power of a ship of this size from 7} tons to 5 tons, but the advant- 
ages obtained would warrant the sacrifice. In comparison with the 
weight of the rigid dirigible construction, this net carrying capacity 
is remarkable. The latest Zeppelin built in 1911, the Schwaben, 
with 680,000 cubie feet of gas, has a net lifting capacity of 23 tons, 
while a ship of the size of the Akron with a steel-reinforced gas 
bag holding only 400,000 cubic feet of gas would have a net capacity 
of 5 tons. The ability of the “wire-wound” envelope to withstand 
such heavy pressures would automatically take care of the great 
problem of expansion and contraction, giving a powerful control by 
enabling the pilot to change altitude without loss of gas or ballast 
and without depending upon planes or motive power. 
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Vaniman plans to build a dirigible of the size of the Akron, 
using this new “‘wire-wound” fabric during 1912. 

Inflating the Akron. As the new Vaniman airship has a capacity 
of 400,000 cubic feet of gas, no small problem was involved in the 
manufacture of sufficient pure hydrogen gas to properly inflate it, 
as the lifting power of the gas is not alone proportional to its purity, 
but the presence of acid fumes or other adulterants would/be ruinous 
to the fabric of the envelope and particularly to the numerous seams. 
To carry out this important undertaking a special plant was built 
just outside of the big shed at Atlantic C ity. Making allowance for 
waste and condensation, sufficient material was purchased to manu- 


Fig. 29. Plan View of Vaniman’s Hydrogen-Generating Plant 


facture 450,000 cubic feet of hydrogen. This consisted of 80 tons 
of scrap iron and 100 tons of sulphuric acid. It will be noted that 
Vaniman has introduced a number of innovations in this gas 
plant, as compared with the usual method, so that there is no inter- 
ruption in the generating process. As shown in the plan view, 
Fig. 29, there are four generator tanks A, made of wood with all 
iron parts well coated with pitch to prevent their being attacked by 
the acid. These tanks are partly filled with scrap iron, Fig. 30. The 
sulphuric acid is fed from one of the two large reservoirs B, Fig. 29. 
Running over these reservoirs is a track C, on which the sulphuric 
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acid casks D are supported. To prevent too rapid generation of 
gas and the choking of the tanks with ferrous sulphate, the acid 1s 
diluted in the proportion of one part to eleven parts water. While 
this mixture is being prepared in one of the reservoirs the supply is 
drawn from the other. This solution takes the course indicated by 
the arrows to the bottom of the generator tanks, and it may be 
caused to flow directly into any one of these tanks or from one pair of 
tanks to the other, this being a more economical method as it insures 
complete utilization of every bit of the acid. The gas generated in 
the tanks rises to the top, where it is trapped by the gasometers E 
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Fig. 30. Side View of Vaniman’s Hydrogen-Generating Plant, S 
Distorted to Bring Purifying Tanks into View sboneres* 


and flowing into a common chamber F passes down to the washer 
G, Fig. 30. Here it is forced to pass upward through a series of 
perforated plates, while a spray of water flows downward through 
the same plates. Thence, the gas passes through four tanks H 
the first containing coke, the second potassium permanganate, the 
third caustic soda, and the fourth calcium chloride. The first two 
serve to purify the gas of such materials as arsenic, sulphur, and 
phosphorus which are likely to be picked up from the iron. The 
other two tanks serve to remove all traces of moisture from the gas. 
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Hydrogen is an odorless, colorless gas and it would be impossible 
to detect leaks in the balloon were not some means employed to 
impart an odor to the gas. The “perfume” commonly used is 
muronine. This is placed ona sponge in the pipe J, and thence 
the gas is fed directly into the balloon at the tube J. The substance 
in question has a most penetrating, sickish odor that can be readily 
detected, no matter how small the leak may be. 

One of the advantages of the arrangement of this plant is that 
when it is desired to charge one of the generators with fresh scrap 
iron, it may be cut out of the system completely by shutting the 
valve in its connection and by clamping the rubber hose connecting 
the gasometer of that particular generator with the chamber F. 
The spent solution flows from the generators through traps K to a 
trough L, which leads to a large drain. Heretofore, the purifying 
and drying tanks have been filled with coke on which the various 
cleansing chemicals were sprinkled, the purpose of the coke being 
to prevent the materials from clogging. This method has caused 
much trouble as the materials would slowly gravitate to the bottom 
of the tank, choking the flow of gas. Whenever such a condition 
arose, it was necessary to shut down the entire plant and clean out 
the tanks. Vaniman employs instead a set of trays of copper 
netting secured to iron straps, as indicated at M in Fig. 30, 
and on these trays’ the purifying and drying materials are placed. 
Thus the mass is kept in a porous condition, through which the 
gas can easily percolate, and, in case of any trouble, the entire set of 
trays can be lifted out bodily. It was necessary to operate the 
plant for five days and nights continuously, the hydrogen weighing 
more than a ton, or about half as much as that of the three-ply cotton 
and rubber fabric of the envelope. Some idea of what this amount 
of gas means may be gained from the fact that its equivalent in coal 
gas fed to an ordinary five-foot burner would supply it for more 
than ten years constant burning. The lower part of the illustration 
shows a true plan view of the gas-generating plant, while the upper 
part is a somewhat distorted section, drawn in this manner to more 
clearly illustrate the passage of the gas in the course of its generation 
and purification. The cost of this plant, plus that of the material 
necessary to inflate the Akron but once, would be sufficient to pay 
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The year 1910 will go down in history, not alone as marking 
the first actual transportation of passengers through the air for hire, 
but likewise the first attempts to cross the Atlantic in an airship. 
Two of these.attempts were proposed and one was actually under- 
taken. This was the ill-fated cruise of the America, already described, 
but the failure of its promoters to achieve their object has proven no 
deterrent to others intent upon accomplishing the same feat. In 
fact, 1910 may be said to mark the beginning of an era of aerial trans- 
portation, as while the wreck of the Zeppelin after having made 
but comparatively few trips, put a sudden end to the much adver- 
tised “regular passenger service” for the time being, neither this 
nor the subsequent wrecking of other Zeppelin airships proved 
sufficient to discourage the promoters. During 1911, the Zeppelin 
and several other German companies formed for the purpose carried 
hundreds of passengers, and it is a fact worthy of note that since the 
latter part of that year, one of the large steamship companies has 
combined announcements of aerial trips with those of the sailing of 
its steamers; and tickets good for flights in Germany can be bought 
in this country. The success of the German dirigible passenger 
service has been such that, in spite of the numerous disasters which 
have fortunately been free from fatalities, a similar service is to be 
instituted in this country, using German airships at first. 

Wellman’s Expedition. Owing to its novelty, as well as its 
daring, the attempt of Wellman to cross the Atlantic in the America, 
is worthy of record, particularly as his failure has not deterred others 
from attempting the same feat, and doubtless it will not be very 
long before it is actually accomplished. What such an accomplish- 
ment will show, however, apart from the fact that the aeronauts 
met unusually favorable conditions, is questionable. In order that 
the appended account may be free from the sensational coloring 
given the America’s trip. by the newspaper and magazine reports, 
excerpts are taken from the story of Vaniman, the chief engineer, 
though it is to be noted that his version exhibits some irreconcilable 
differences with that of Wellman himself. __ 

The start was made at 8 a.m., October 15, 1910, from Atlantic 
City in a light southwesterly breeze, there being considerable fog. 
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The attempt was really premature and probably would not have 
been made at that time, had it not been for the question of good 
faith on the part of Wellman raised by the press. So many delays 
had been experienced that the date of starting had been constantly 
postponed from month to month and Wellman was accused by 
inference, if not openly, that he had no intention whatéver of ever 
making the attempt. The actual start was accordingly made under 
unfavorable conditions and without any previous trials of the air- 
ship that would doubtless have revealed the defects later brought 
to light when there was no possibility of remedying them. Every- 
thing had apparently been in a state of readiness for weeks prior to the 
start, but this was not actually the case, and while numerous indoor 
tests of the machinery had been made this was not the equivalent 
of actual trials in the open. The “after’’ engine, as already explained, 
was arranged to drive its two propellers through the medium of bevel 
gearing so that the propeller shafts, which were at right angles to 
the extended shafts coupled to the engine, could be swung bodily 
about in a complete circle, thus making it possible to employ their 
thrust in any direction desired, but more particularly in a vertical 
line so as to force the balloon up or down. The fatal mistake con- 
sisted in not supplying this engine with a flywheel. For four hours 
it operated steadily, not missing more than two explosions in this 
entire period, but the absence of the flywheel (for which it had been 
designed and the loss of which was not compensated for by the pro- 
pellers) produced a pounding action, and the keys of the bevel 
gearing worked loose, rendering the engine useless. How serious 
this loss was could not be appreciated until the next day, as will 
presently be explained. ) 
During Saturday evening the airship was in danger of being 
blown onto the shore of Long Island by a southerly shift of the wind, 
and it was necessary to use the engine to keep her headed off shore. 
The fog still persisted and it was feared that the two-ton equilibrator 
trailing in the water would strike some vessel, resulting in immediate 
disaster to the airship, as it would draw it down into the sea; further- 
more, it might do a great deal of damage to the vessel encountered. 
The moon was full but owing to the fog it was impossible to see any- 
thing ahead. Two lookouts were stationed to endeavor to prevent 
collisions. Suddenly the sound of a fog horn was heard, and almost 
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immediately the masthead of a schooner loomed up dead ahead. 
But the airship responded beautifully to its helm and swung to one 
side, just clearing the vessel by a narrow margin. This experience 
as recounted later by the captain of the vessel was most thrilling. 
He had no knowledge of any contemplated voyage across the ocean 
by airships, and he was greatly frightened when the monster loomed 
up out of the fog with the sparks streaming from its red-hot exhaust 
pipes and making a terrific racket with its unmuffled engine. The 
lashing equilibrator with one tank empty, owing to leakage of gaso- 
line, was being pounded by the water, giving a weird, hollow sound 
that added greatly to the terror of the crew. This was the only 
approach to a collision experienced. 

Vaniman had no idea that the engine was throwing sparks 
until this was revealed by the darkness. The exhaust pipe terminated 
directly back of the propellers, so that the sparks were carried off 
in the wake of the latter and there was little likelihood of their lodging 
in the fabric of the balloon. The airship had been traveling through 
fog ever since morning and was dripping wet, so there was no danger 
of fire. Sunday morning, the fog still continued and the wind, 
veering to the west, began to freshen, making it unnecessary to use 
the engine. But with the freshening of the wind a new danger arose. 
The airship had started out from Atlantic City with an extra supply 
of gasoline aboard, so that it hung very low over the water, all but 
six tanks of the thirty in the equilibrator being submerged. With 
the freshening wind, it was found necessary to throw over gasoline 
in order to lighten the airship. Had this gasoline been left behind 
to start with, the airship would have made much better progress 
and would have been much farther along when the wind freshened, 
but the extra fuel was taken on with the expectation that the fog 
would eventually lift, and under the heat of the sun the gas in the 
balloon would expand and lift the balloon to its normal position. 
However, the sun remained hidden by banks of fog. 

Sunday afternoon, the wind assumed a velocity of 35 miles an 
hour. The night grew very cold, shrinking the balloon and making 
it necessary to throw out more gasoline. Then a peculiar motion 
began to manifest itself. It will be recalled that the purpose of the 
equilibrator was to hold the airship at a practically constant level 
above the sea; in other words, the airship and the sea were to divide 
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between them the burden of supporting the two-ton equilibrator. 
If the ship showed a tendency to rise, it would be weighted down by 
having to lift a greater weight off the sea, and if it showed a tendency 
to descend, it would be lightened by letting more of the equilibrator 
float, with the result that the airship should be held at a practically 
uniform elevation above the water. However, when the wind 
freshened, the drag of the equilibrator began to set up a surging 
motion. It would pull the airship down, slowly but surely, until it 
almost touched the water, then the airship would rebound with 
gathering momentum, pulling the equilibrator out of the water, tank 
by tank, until it was lifted entirely clear of the surface. The equili- 
brator would then swing forward like a huge pendulum and, as its 
weight overcame the buoyancy of the balloon, it would strike the 
water, and the dragging action would recommence. In this way, 
the airship kept constantly oscillating up and down, the period of 
the oscillations being about ten minutes. On one occasion the big 
balloon swung so near the water that the waves struck the lifeboat 
cradled below it. There seemed to be no way of preventing this. 
It was then that Vaniman realized the loss of his after motor, 
for had he been able to use these propellers to lift the airship when it 
showed a tendency to be dragged down, the oscillation could have 
been largely, if not entirely, prevented. 

The thrust of the propellers which might thus have been used 
was 800 pounds, and this would have been more than sufficient to 
correct the surging movement. Had the airship been further lightened, 
it might have been able to lift the equilibrator clear of the water 
when there would have been no drag to contend with and it would 
have been possible to steer the craft into the wind. As it was, the 
airship was helpless. It was drifting broadside to the wind. As 
long as the oscillatory motion kept up, it would have been dangerous 
to have headed the vessel into the wind, for then it would have pitched 
badly, tending to stand straight up and down. As long as the wind 
held from the right quarter, it mattered little whether the engine 
was used or not, but the oscillations were nerve racking, and not at 
all calculated to inspire the crew with any feeling of security. The 
pounding of the waves on the equilibrator, about which $0 much 
was published, amounted to practically nothing, according to 
Vaniman, The jars were not at all serious, but considering the 
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experiences they had gone through, the members of the crew were 
ready to exaggerate the slightest unusual shock, and the harmless 
pounding appeared to assume dangerous proportions. 

Sunday was a night of grave apprehension. It was found neces- 
sary to throw over a quantity of the precious gasoline, as well as the 
damaged engine (a 90-horse-power automobile motor) in an effort 
to prevent the airship from being dragged down into the water. 
Monday, however, the sun rose clear and hot and beat upon the gas 
bag. There was no wind to counteract the heating effect, because 
the vessel was drifting with the wind, and the gas heated rapidly and 
expanded so quickly that it lifted the balloon and its heavy equili- 
brator to an altitude of 3,000 feet before it could be checked. The 
rise was so rapid as to make the crew dizzy and affect their ear drums. 
Vaniman opened the valves to let out the hydrogen, meanwhile 
closely watching the statoscope for the first signs of descent. Despite 
the utmost precautions and the careful handling of the valves, the 
descent took place quite as suddenly as the ascent. As the balloon 
fell it gathered momentum and also lost buoyancy, due to the con- 
traction of the gas bag in the increasing density of the lower strata 
of air. This ccntraction of the gas bag produced a constant down- 
ward accelerating force, greatly increasing the speed of the descent. 
However, the equilibrator served as a cushion to ease the fall. It 
entered the water at high speed and sank until the last can was sub- 
merged before the airship, relieved of its weight, could recover and 
rise again. This one experience was sufficient to show the value of 
the equilibrator. 

Had there been no device of this nature provided, the airship 
must, inevitably, have been carried into the sea at the end of its 
downward plunge, striking the water at such a velocity as to have 
crushed out the lives of all on board. Had the airship started without 
an equilibrator, it would frequently have been necessary to throw 
over ballast to prevent such descents, and it would as frequently 
have been necessary to open the gas valves to prevent ascension to 
dangerously high altitudes. It was Vaniman’s opinion that 
without the equilibrator the airship could not have kept afloat a 
single day. As it was, this single ascent cost fully one-seventeenth 
of the total supply of gas. . 

Monday, the third day out, the sailing was good; but the wind 
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had veered around to such a direction as to drive the airship south- 
ward. It was then planned to head for the Azores ] slands, and later in 
the day a still further shift of the wind made it necessary to head for 
Bermuda. The oscillatory motion continued under the action of the 
wind and it was necessary to lighten the balloon of still more gasoline. 

When, early in the morning of Tuesday, the lights of the Trent 
were made out, it was decided that it would be foolish to continue 
the voyage farther. There remained but little gasoline in the main 
tank and much of the gas in the balloon had been wasted. There 
was every probability that the airship could keep afloat during the 
day, but the chances of staying in the air at night, when the reduced 
gas supply in the envelope would be condensed by. the cold, were 
rather slim. Furthermore, there was the difficulty of launching the 
lifeboat with the heavy equilibrator trailing in its wake, and it seemed 
far more prudent to undertake to launch the boat while a vessel stood 
by ready to give assistance. 

The problem of launching the boat was no small one. The airship 
was drifting at the rate of 15 knots, broadside to the wind, as may be 
seen by noting the angle which the white trail of the equilibrator 
makes with the shadow of the gas bag in the illustration, Fig. 31, taken 
from the deck of the Trent. This meant that the boat, which could 
not be swung.athwart the car, would have to be launched sideways. 
The valves were opened until the boat dropped to within 4 feet of the 
water. All the materials that were saved from the airship were stowed 
in the hottom of the lifeboat to act as ballast. Ata given signal, the 
automatic shackles which held the boat to the airship were released 
and the boat dropped into the sea. Despite the fact that it was 
traveling broadside at a rate of 15 knots, it did not ship a gallon of 
water. As soon as the balloon was released of this weight, it shot up 
into the air and the equilibrator was whipped out of the water, 
striking the boat and crushing the forward air compartment, for- 
tunately above the water line. Before cutting loose from the airship, 
Vaniman tied a can to the gas valve of the balloon so that the 
latter would lose its gas, thus obviating any danger of its rising out 
of the sea and acting as a menace to the rigging of vessels at sea or 
buildings along the coast. When last seen, the balloon was settling, 


nose down, into the water. 
Thus ended one of the most remarkable voyages ever under- 
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taken, and certainly the most remarkable rescue at sea. .The results 
accomplished were two records for dirigiblés: One of duration which 
consisted of 714 hours in the air, as against 36 hours, which was 
made by Zeppelin; and the other of distance, which was put at 1,008 
miles by navigator Simon in his logbook, the previous distance record 
having been made by Zeppelin when he covered 800 miles without 
coming to earth. However, the object of the expedition was 
not to establish records. The underlying idea of Wellman and 


Fig. 31. View of the ‘‘America” Settling into the Sea Prior to the Release 
of the Lifeboat. Picture Taken from the Deck of the S. S. Trent 


Vaniman has been to stimulate interest in dirigible balloons, to 
study their behavior under varying conditions, and to promote their 
development. It is a tribute to the skill of the engineer who designed 
the America that on its first vovage, without any preliminary trial, 
it broke all previous records, and, as far as the machinery is con- 
cerned, with the exception of the one defective engine, maintained 
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every part intact. Not a stay was broken and not a nut needed 
tightening during the voyage. 

Brucker’s Proposed Expedition. Wellman’s contemporary, who 
intended to attempt a transatlantic voyage by dirigible in 1910, is 
Joseph Brucker, a German-American, whose project antedates 
Wellman’s attempt. Owing to delays in getting ready, it was impos- 
sible to start before too late in the season—now it is ‘proposed to 
carry out the expedition early in the Spring of 1912, but along some- 
what different lines. Before describing Brucker’s apparatus, a brief 
resumé of his comments on the reasons for Wellman’s failure will be 
of interest. He says, quoting from Umschau, Berlin: 

I have repeatedly pointed out that in the present state of the art it will 
be impossib!> to cross the Atlantic in an airship north of the 35th parallel of 
latitude, because in that region one depression follows another, and particu- 
larly in the fall. Wellman was meteorologically ill-advised. At the time of 
his start, it was well known that a violent hurricane was raging in Cuba, and 
that such violent disturbances of the atmosphere in those latitudes are fol- 
lowed by extraordinary collateral phenomena in latitudes 35 to 10 degrees 
north. Wellman’s chart of the journey confirms this. 

It also seems that Wellman could not rely on his motors—one was dis- 
abled soon after he set out and the other was probably not powerful enough 
to enable the America to keep a mure easterly course. The America seems to 
have traveled more like a free balloon, for which reason this performance 
should not be regarded as a record for dirigibles. Wellman would in all prob- 
ability hardly maintain that he could foilow a definite course. Another fatal 
error was the equilibrator, to which Engineer Vaniman pinned his faith. This 
was in itself a very cumbrous contrivance with its thirty gasoline tanks and 
turned out to be a source of danger. 

Dr. Alt, of the Munich Meteorological Station, and I have made many 
experiments during the last few months with arrangements similar to Well- 
man’s equilibrator. We have given the tanks most diverse forms, only to come 
to the conclusion that all such devices, when an airship is traveling over water, 
not only produce enormous resistance, but are highly dangerous to the airship 
itself. The America seems to have perished from appendicitis. A surgical 
operation, however, could not be performed, because the airship, if it had been 
relieved of this burden, would have risen to an enormous height and would 
have faced new dangers. risks 

The expedition which I have organized is the result of scientific study, 
It is our intention to start from the Cape Verde Islands, about 2,350 miles 
from the Lesser Antilles. There are no counter winds in our course, no fogs, 
no storms, and, therefore, it should be possible to travel with the wind at a rate 
of about 7 meters (23 feet) per second or 15 miles an hour. 


Brucker’s selection of a route founded on taking advantage of 
a prevailing trade wind is not new. Edgar Allan Poe suggested the 
plan of sending a balloon drifting with the trade winds from Africa 
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to America, in one of his realistic novels. In France, it had been 
seriously proposed even prior to this, and it was again taken up in 
the late nineties when Santos-Dumont was keeping interest in 
aeronautics alive in Europe by his experiments. Strange as it may 
appear, the first development of the dirigible caused these projects 
to be forgotten, for, with its aid, the primary idea was that the wind 
was to be overcome and not taken advantage of as in the spherical 
balloon. The chief remedy sought was increased speed, while Zeppe- 
lin’s sole idea was to increase the radius of action in order that an 
airship might be capable of outlasting a storm. 

To finance his project, Brucker incorporated the Transatlantische 
Flug Expedition, with a board of directors comprising some of the 
foremost scientific and commercial leaders of Germany. The stock 
has been subscribed by a number of individuals, though the Swiss 
chocolate manufacturing firm “Suchard” has guaranteed to meet 
most of the expense, hence, the name. 

Type of Balloon. The balloon is of the type of the Parseval VI, 
but modified. It measures about 240 feet in length by 68 feet maxi- 
mum diameter, which is at the first third of its total length, as in the 
Parseval. The bow is spheroid, or egg-shaped, while the stern is 
sharply pointed. The envelope has a capacity of 9,400 cubic meters 
(more than 330,000 cubic feet), the balloonet representing more than 
a third of this, or 3,500 cubic meters, which is equal to the total 
displacement of a typical French airship. This insures a rigid hull, 
even after an extensive loss of gas, enabling the ship to meet the 
most extreme conditions that are apt to rise in a long voyage. Efforts 
have been made to give not only a tremendous radius of action, 
but also the highest attainable degree of safety. Both of these 
requirements have been realized by building a ship of ample size 
designed for low speed. The weight thus saved is utilized to make 
a thoroughly strong structure and in equipping the vessel with safety 
appliances. In fact, the craft represents the very latest product of 
the German aerial dockyards. 

The envelope is made of a special fabric consisting of three 
layers of cloth, two of rubber, and a light rubber coating on both 
surfaces. This, together with the large volume, and the ratio of 
four to one between length and diameter, resulting in a comparatively 
small surface per unit volume, should give excellent gas-retaining 
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qualities. Even the Zeppelin VI, which was burned at Baden-Baden, 
retained its gas for many weeks at a time, although in daily service. 
In the Suchard, gas loss by diffusion will be negligible as compared 
with the amount escaping when the safety valves are opened under 
the tropical sun. This loss is to be minimized by a special patented 
device, which is perhaps the most impovtant feature of the design 
of the entire apparatus. 

Novel Features. Advantage has been taken of the fact that 
the route will be entirely over water. The plan is to scoop ballast 
from the ocean whenever needed by means of buckets on a steel 
- cable. These buckets are of sheet steel of a shape to give the minimum 
resistance when filling. Each holds seven to eight gallons and has 
four holes in front to permit the water to enter, filling quickly and 
automatically by reason of the motion of the airship. Although 
they can be dropped into the water so that their action takes place 
immediately, the effect of the sun’s rays is also very sudden, and 
dependence is not placed on this device alone. It is supplemented 
by a movable weight, the position of which regulates the inclination 
of the keel. With the aid of this arrangement, a certain amount of 
downward force can be called into play by aeroplane action through 
the forward movement of the vessel. It practically amounts to 
changing the angle of incidence as is done in an aeroplane with tbe 
elevating rudder. 

But the most important feature is an original device for cooling 
the envelope with running water. Light canvas hose extends from 
the boat to the top of the balloon, where it encircles the gas valve 
-and then extends back along the balloon in both directions. It is 
provided with a number of perforations along its sides, ending in a 
hard-rubber spray nozzle fore and aft. From a tank in the boat, 
water is pumped through the hose, flowing in a thin film all over the 
envelope. The 18-mile breeze caused by the travel of the airship 
will cause rapid evaporation, resulting in an intense cooling effect. 
When it is considered that the airship will have to undergo the 
extreme change from tropical day to night at least five to seven 
times, it will be evident that the conditions to be met are 
extremely more dangerous than those ordinarily encountered 
on land, where a single change from day to night in temperate 
zones causes most serious difficulties, so that it remains to be 
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seen whether the results obtained with these safety devices will 
fulfill expectations. 

Motive Power. Wellman’s plan of utilizing a car and a lifeboat 
has been departed from by combining both in a large motor boat. 
This is 39 feet long by 12 feet beam and 7 feet in depth and is equipped 
with two 200-horse-power motors, which will not only drive the ship 
in the air, but the boat in the water, in case of abandonment. It is 
equipped with a fire- and explosion-proof gasoline tank, the efficacy 
of which was demonstrated in the accident to the Zeppelin VI, in 
which the tank remained intact though the ship was burned. The 
boat provides a navigating and living compartment, a complete 
machine shop for making repairs, a set of aeronautic and meteorologic 
instruments and a large store of provisions. It is suspended from 
the envelope in the same manner as the usual car, but between it 
and the envelope a light passageway is suspended, reached from the 
boat by a rope ladder. It gives direct access to the envelope and 
the valves and also provides additional “deck space.’’ The whole 
equipment, however, is centered in the boat and nothing has to be 
transferred in an emergency as in the America. 

It is hoped that the Suchard, with its speed of 18 miles an hour, 
plus the steady trade wind blowing 16 miles, will make 34 miles 
an hour, covering the distance in five days, if the machinery holds 
out. In case of breakdown, it will take longer, but the trade winds 
will insure steady progress, while there seem to be no risks that could 
be. compared in the least with those that Wellman faced. A number 
of trial trips will be made before embarking on the actual enterprise 
with the trade wind, which allows of no return. In the light of 
Wellman’s experience, Brucker’s success would seem to depend upon 
his skill in handling the water-scooping and -spraying apparatus, 
i.e. his ability in preventing the airship from rising unduly. If he 
succeeds in avoiding gas losses from this cause, he can hardly fail 
to reach the West Indies, even though the motors give out. But 
even a few minutes failure of these devices would suffice to send the 
ship to the clouds, blowing off large quantities of gas and spoiling 
all chances of a long voyage. The air balloonet is so large that it 
should compensate for considerable expansion or contraction of 
the gas. 

Carrying Passengers by Airship. Deutschland. For a time, it 


DIRIGIBLE BALLOONS. 93 


seemed as if the year 1910 would go down in history as marking the 
actual inception of aerial transportation according to a regular 
schedule. The Deutschland (Zeppelin VII) was a true ship of the 
air and on a most elaborate scale. She was built for the Deutsche 
Motorluftschiffahrt Gesellschaft (German Aerial Transportation Com- 
pany), incorporated to do an aerial passenger-carrying business. 
The airship was 490 feet long and had a capacity of 27,400 cubic 
yards. The budget of this aerial packet boat was as follows: The 
cost of the airship was to be $150,000, the gas bags to be half re-inflated 
every week, involving a monthly consumption of 390,000 cubic 
yards of hydrogen, representing an annual expenditure of $9,000; 
for a service of six months for fuel and lubricants $9,000 more was 
allowed; the crew of seven men were to receive $7,500, while $5,000 
was allowed for anchorage rights; administration and unforeseen 
expenditures, $11,500, and a sinking fund of $75,000, bringing the 
total to $116,500, exclusive of the cost of the ship itself. 

The passenger cabin of the Deutschland was built on an alumi- 
num frame and lined with rosewood and mahogany, inlaid with 
mother-of-pearl, the walls consisting of mahogany veneer in several 
layers glued together, with a thickness of } inch. The floor was also 
a mahogany veneer of the same thickness, carpeted, while the ceiling 
was only 3 inch thick, veueer being employed throughout to save 
weight. The entire cabin was 35 feet long by 73 feet wide and 
weighed only 1,600 pounds. It was divided into five compartments, 
each containing four cane seats, of which 1 foot only was screwed to 
the floor, so that the chair could be swung in all directions. Beside 
these five 5-foot compartments, there was an entrance vestibule and 
a lavatory. The window openings were remarkably wide so that an 
unobstructed view could be obtained in every direction. No glass 
was used in them, however, although in the first compartment a 
sliding glass window had been provided for testing purposes. 

Twenty-four passengers, among them an American woman, 
five Germans, and three Englishmen, booked passage at the estab- 
lished rate of $50 a trip, for the first voyage. All told, there were 
thirty-three persons on board the Deutschland on her first trip. 
She started from Friedrichshafen at 3 4. M., traveled up the valley 
of the Rhine as far as Cologne and reached Diisseldorf at 3 Pp. M., 
having covered 300 miles as the crow flies. Favored by the wind the 
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speed is said to have reached 50 miles an hour at times, the distance 
from Mannheim to Diisseldorf (180 miles) having been covered in 
four hours; an express train taking six hours, on a rather winding 
track. The next day, the Deutschland made a round trip from Diissel- 
dorf to Dortmund and back, going the 37 miles out in one hour, but 
taking three and one-half hours for the return. As a result, voyages 
at frequent intervals were announced. 

On June 29, 1910, the Deutschland left Diisseldorf with seven- 
teen passengers—all newspaper men—the voyage to last four hours, 
but the ship was still struggling against a strong head wind five and 
a half hours after the start at 8:30 a.m. Then the motors began to 
give trouble and the fuel threatened to run short. The wind had 
risen to a storm and, without the aid of its motors, the ship shot up 
to a height of 5,000 feet, then dropped as suddenly in the forest of 
Teutoburg, a huge tree trunk coming up through the floor of the 
cabin to the dismay of the passengers. However, it broke the fall 
and prevented a far worse disaster, supporting the great dirigible 
about 40 feet from the ground. The entire after part of the ship 
was wrecked, the governing planes (horizontal rudders) being broken 
and the gas bag being torn in many places. A company of infantry 
dismantled the wreck, dissecting the aluminum frame, piece by piece, 
packing the motors and parts of the car and rolling up the fabric of 
the envelope, so that, in a few hours, the airship was on its way back 
to Friedrichshafen on the railroad instead of in the air. Lieutenant 
Wagner, commanding the Deutschland, attributed the accident to a 
combination of adverse circumstances and not to any fault of the 
system. The chief cause was the sudden downward whirlwind, but 
if the fuel had held out, the gale might have been weathered. As it 
was, she was at the mercy of the wind. In rising so high, a great 
deal of gas was lost and the wetting of the envelope in the rain caused 
a dangerous loss of buoyancy. 

Zeppelin VI. A little less than two months later, the Zeppelin 
VI was also destroyed. On September 14, owing to a breakdown 
of one of the motors, the envelope caught fire while the crew was 
cleaning the machinery with gasoline from an open tank. The 
hydrogen in the seventeen compartments instantly ignited and the 
ship was completely consumed in a short time. During the fortnight 
preceding the fire, the Zeppelin VI had covered 2,000 miles and had 
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carried more than 300 passengers. She was the speediest Zeppelin 
ever built, being credited with a speed of 38 miles an hour. On 
August 28, for the third time in eight days, she carried thirty pas- 
sengers from Strasburg to Baden-Baden and back in three hours. 

Miscellaneous Exploits. Earlier in the year, the Zeppelin IT 
—one of the German military fleet—was also destroyed by a storm. 
While journeying from Hamburg to- Cologne, it was fecessary to 
anchor in an open field. On April 25, 1910, after the vessel had just 
received a new charge of gas, two companies of soldiers were unable 
to hold it down in a high wind and it was blown away. It immediately 
rose to a height of 700 feet and sailed away with the wind; twenty 
minutes later it was blown to the ground in the Lahn Valley, the bow 
caught in the telegraph wires and then the wind took the huge gas 
-bag broadside and hurled it against the side of the hill at Webers- 
burg, completely demolishing it. This accident affords a striking 
illustration of the chief shortcoming of the dirigible—its utter help- 
lessness when exposed to the wind, a cause that led to the loss of 
La Patrie three years before, when the company of soldiers detailed 
for that service were unable to hold the ship and it simply blew away, 
never being heard of again. To be of practical use, the dirigible must 
be large, but its very size is its greatest element of weakness, as the 
cost of erecting numerous sheds to accommodate it would be pro- 
hibitive, and it can not safely anchor in the open. 

In addition to the events chronicled, there were a number of 
successful cross-channel flights, the most striking being the round 
trip of the Clement-Bayard II between London and Paris, which 
merely afforded an excellent example of what may be done under 
favorable circumstances. In fact, the English Channel was crossed 
not less than three times in a month by airship, one of the trips being 
made in an English dirigible, by E. T. Willows, who had a short time 
prior flown from Cardiff to London. He started for Paris from Lon- 
don, but was compelled tc descend 50 miles inland from Calais. 

Despite the number of huge dirigibles that were wrecked in 
Germany during 1910, as well as those that came to grief in England 
in the following year, a great impetus has been given their building 
and operation for passenger service in the former country, and 
numerous inventors are devoting attention to the perfecting of 
various devices to aid in their navigation. The pilot of a huge 
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dirigible has many things to watch, but none that requires closer 
attention than that of the vertical travel of the ship, to keep 
track of which the barographs, anemometers, and anemoscopes 
must be consulted continually, often to the neglect of other 
duties, which gives rise to dangerous situations. 

Kodophone. The kodophone is an instrument specially devised 
for the purpose of relieving the pilot of a dirigible of the nerve- 
racking strain of watching a number of fine instruments to detect 
whether his ship is rising or ‘falling. As its name indicates, it 
works on an audible rather than a visual principle. The device 
consists of a wind wheel located horizontally in a cylindrical metal 
casing and adapted to revolve easily on a vertical shaft. The metal 
cylinder is in turn protected by a heavy wicker basket. The wind 
wheel is accordingly so placed that only a vertical current of air will 
actuate it. A slight amount of vertical play is allowed the wheel 
on its vertical shaft, so that if the wind is coming from below, the 
wheel will rise slightly under the pressure of the wind turning it and 
will operate a bell above it. This would indicate that the airship 
was falling. With the wind coming from above, the process would 
be reversed and another bell of a different tone sounded. Not alone 
the fact that the airship is either ascending or descending, but like- 
wise the speed and the entire period during which one or the other 
takes place, are directly communicated to the pilot by the bells. 
When both are silent, he knows with absolute certainty that the 
airship is traveling on a perfectly horizontal keel. This is of the 
greatest importance at night, when the necessarily limited amount 
of light on the instruments makes consulting them more than usually 
troublesome. It also has a further advantage in that the instruments 
merely show that the ship has fallen or has risen and does not reveal 
whether one or the other is continuing, except by close observation. 
To avoid . disturbance due to horizontal currents being deviated 
into the basket by the propeller or similar means, the metal 
cylinder is covered at the top and bottom by fine wire gauze. It 
will be at once apparent that the pilot, being thus continuously 
informed by the bell signal, will be able without loss of time to 
take prompt measures for correcting any unfavorable action, 
saving both gas and ballast and increasing the range of the ship. 

Another instrument that the aeronaut finds need of now that 
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greater altitudes and night flights have become more common, is 
one that will enable him to determine his position readily. Under 
the circumstances, indirect methods must naturally be reverted to 
and several such methods have been tried in the past few years. 
Magnetic measurements have been employed for this purpose and 
successful methods of informing an aeronaut of his position by 
wireless telegraphy have been devised. Finally, astronomical 
methods have been proposed, in which the tedious reduction of the 
observations is effected by special apparatus. This method, of 
course, can be employed only at night in clear weather. 

Special Aeronautical Compass. The ordinary compass is not 
of great value to the aeronaut or the aviator, as the direction of travel 
must be figured out from the indication of the compass needle, aided 
by the chart, all of which requires concentration that it is difficult 
to give when attention is required by so many other things. To 
overcome this, a special type of compass has been invented by an 
American, A. G. Marquis. It consists of a needle mounted in the 
usual manner, while surrounding it in the same horizontal plane is 
a card having the points of the compass marked on it. This chart 
is reversed, however, as to north and south, and the needle is so 
arranged that it points to the south also. The result is that the 
reflection in a mirror placed at an angle of 45 degrees above the chart 
is correct, the north point appearing at the top and the south at the 
bottom of the mirror. Instead of the chart moving round and the 
needle remaining stationary as in the ordinary compass, the needle 
itself apparently swings with each alteration in the course, and 
continuously indicates the direction in which the airship or aeroplane 
is traveling. The apparent movement of the pointer is the result 
of an optical illusion, for the needle actually remains stationary and 
the chart turns in the usual way. With a liquid of comparatively 
heavy specific gravity to deaden the vibrations of the needle, this 
has been found to be by far the most practical and ingenious of the 
many special types of compasses that have been advocated for 
aeronautical use. One of the best methods of overcoming vibration 
has been found to be the use of oil for floating the needle and a bed 
of springy horsehair for holding the compass case. The employ- 
ment of a compass with a:south-pointing needle dates back to 2600 
B. C. in China, where it was used for land “navigation.” 
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Read Carefully: Place your name and full address at the head of the 
paper. Any cheap, light paper like the sample previously sent you may be 
used. Do not crowd your work, but arrange it neatly and legibly. Do not 
copy the answers from the Instruction Paper; use your ownewords, so that we 
may be sure you understand the subject. 


1. What essential features of design did Meusnier’s first 
dirigible incorporate? 

2. Describe the difference between the rigid, semi-rigid, and 
flexible types of dirigibles. 

3. Take any modern dirigible of the flexible type as an example 
and point out the manner in which it embodies the principles laid 
down by Meusnier. 

4+. Why can not the dirigible be driven as fast as the aero- 
plane? Why does. it require so much more power to drive a diri- 
zible than an aeroplane? 

5. State the laws governing the increase of resistance with 
speed, the increase of power necessary for a given increase of speed, 
and the ratio in which volume and area of the gas bag increase with 
increased dimensions. 

6. What provides the lifting power of the dirigible and how 
is this lifting power utilized? Why should this lifting power be so 
much less at night than in the daytime? What is net lifting power? 

7. What are air-balloonets? How are they used, and what 
for? : 
8. What is the most efficient form of envelope for the dirigible 
and why? 

9. Why can not the ordinary spherical balloon be propelled 
as a dirigible? 

10. Is the form of the stern as important as the bow? 
11. Why is it not practical to build small dirigibe balloons? 
Are there any limitations as to size in the other direction and what 


are they? 
412. What is longitudinal stability and how is it obtained? 
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13. Explain the necessity of having the center of thrust and 
the center of gravity as far apart as possible in the flexible type. 

14. How is stability of direction obtained? What are sta- 
bilizing planes? 

15. Why must a form of suspension for the car that can not 
be accidentally displaced with relation to the balloon, be provided? 

16. Define static and dynamic equilibrium as applied to the 
dirigible. : 

17. Why would it not be practical to carry along an extra 
supply of hydrogen gas under high pressure to replace loss through 
leakage, or compulsory opening of the gas valve to prevent rising 
too high? How has it been recently proposed to avoid use of bal- 
last and valve regulation? 

18. Theoretically, where should the propulsive effort be applied 
to a dirigible? What factors affect the placing of the propeller, and 
what has been proven to be the most practical solution of the problem? 

19. What may be said to represent the usual practice in the 
placing and in the number of propellers employed? How did this 
part of the equipment of the America differ and for what reason? 

20. What is the radius of action of a dirigible? What factors 
affect it, and how? 

21. What is the difference between “pounds per horsepower” 
and “‘pounds per horsepower hour” as applied to the motor of a diri- 
_gible? Which is more important? 

22. Why should the power plant of a dirigible be in the form 
of two independent motors where a great radius of action is desirable? 

23. Assume a dirigible having a maximum speed of 30 miles 
per hour. Its lifting power enables it to carry sufficient fuel for ten 
hours running at, full speed. ' What would the radius of action of 
such an airship be (a) in a perfect calm; (b) with a head-wind of 
15 miles per hour, which only blew for five hours after starting and 
then dropped to a perfect calm? 

24. Explain the theory of the ‘equilibrator’’ used on the 
America. How did it actually work in practice, and why? 

After completing the work, add and sign the following statement: 


I hereby certify that the above work is entirely my own. 
(Signed) 


LL ti 


op 
=: 
Sa 


6 
i 


i 


Publ 


My 


y 
Mh, Wy 
Te 


4 


———, —=> = 


\ \" 


\/ 
\ 


—_=_=_ 


BNA WMwWN FH 


mw heh 
NRO” 


RH Nw 
nm 


30. 


34. 
35. 


37. 


43. 
44. 


535 


57. 
58. 
59. 
60. 


6l. 
62. 
63. 
64. 
65. 


SHOREY PUBLICATIONS IN PRINT 


Glover, S.L. ORIGIN AND OCCURENCE OF GEM STONES IN WASHINGTON. 1949 1.00 
Mooney, Jas. Ghost Dance Religion:- SMOHALLA AND HIS DOCTRINE. 1896 1 «50 
Mooney. Ghost Dance Religion: SHAKERS OF PUGET SOUND. 1896 1.50 
DICTIONARY OF CHINOOK JARGON. nd 2.00 
ALASKA RAILROAD TIME TABLES. 1922 250) 
Wells, E.H. UP AND DOWN THE YUKON. 1900 \ 150 
Williams, J.G. REPORT OF ATTORNEY GENERAL, Territory of Alaska, 1949-51. 1.50: 
Gruening, Ernest. MESSAGE OF THE GOVERNOR OF ALASKA, 1946. 2.00 
Gruening. THIRD MESSAGE TO THE PEOPLE OF ALASKA, 1946. 1.50 
Kohlstedt, E.D. A GLIMPSE OF ALASKA. 1930 1.00 
Gruening. MESSAGE OF THE GOVERNOR OF ALASKA, 1945. 2.50 
Leehey, M.D. PUBLIC LAND POLICY OF THE U.S. IN ALASKA. 1912 2.50 
NOME TELEPHONE DIRECTORY. 1905 3.00 
ESTABLISHMENT OF MT. MCKINLEY NATIONAL PARK. 1916 1.50 
Hooper, Capt. C.L. CRUISE OF THE U.S. REVENUE STEAMER CORWIN IN ARCTIC 

OCEAN, November 1, 1880. 7.50 
Gruening. MESSAGE TO THE PEOPLE OF ALASKA. 1945 2.00 
Gruening. MESSAGES OF THE GOVERNOR OF ALASKA. 1949 2.50 
Davis, Geo. T. METLAKAHTLA. 1904 Ejeps) 
WORK OF THE BUREAU OF EDUCATION FOR NATIVES OF ALASKA. 1918 5.00 
MacDowell, L.W. ALASKA INDIAN BASKETRY. 1.00 
Eells, Rev. Myron. THE TWANA, CHEMAKUM & KLALLAM INDIANS OF WASHINGTON 

TERRITORY. 1887 4.00 
Grinnell, Joseph. GOLD HUNTING IN ALASKA. 4.00 
Swan, James G. INDIANS OF CAPE FLATTERY. DaSO 
CUSTER'S LAST BATTLE. 1892 2.00 
Gruening, Sen. INDEPENDENCE DAY ADDRESS. 1959 La75 
Cadell, H.M. THE KLONDIKE AND YUKON GOLDFIELD IN 1913. 1914 2.50 
Shiels, Archie W. EARLY VOYAGES OF THE PACIFIC. 1930 3.00 


Fickett, E.D. METEOROLOGY. From Explorations in Alaska. 1900 
Richardson, W.P. & others. YUKON RIVER EXPLORING EXPEDITION. Expl. in Alaska. 


1900 2.00 
Ray, P.H., W.P. Richardson. RELIEF OF THE DESTITUTE IN THE GOLDFIELDS. 

1900 2275 
Shiels, Archie W. LITTLE JOURNEYS INTO THE HISTORY OF RUSSIAN AMERICA AND 
PURCHASE OF ALASKA. 1949 : 7.50 
Shiels. STORY OF TWO DREAMS. 1957 4.00 
Swan, J.G. HAIDAH INDIANS OF QUEEN CHARLOTTE'S ISLAND, B.C. 1874 5.00 
Butler, Gen. B.V. & the Marquis of Lorne. THE BERING SEA CONTROVERSY. 

1892 1.50 
Crawford, Lewis F. THE MEDORA-DEADWOOD STAGE LINE. 1925 2.50 
Anderson, Eskil. ASBESTOS AND JADE OCCURENCES IN KOBUK RIVER REGION, 

Alaska. 1945 2.00 
Stewart, B.D. PROSPECTING IN ALASKA. 1949 1.50 
Geoghegan, Richard H. THE ALEUT LANGUAGE. 5.00 
SEATTLE'S FIRST BUSINESS DIRECTORY. 1876 7.50 
THE WASHBURN YELLOWSTONE EXPEDITION. 1871 Pee > 
Subreports from EXPLORATIONS IN ALASKA. 7 reports: The Tanana, Chickaloon, 
Sushitna, etc. 1900 Za! 
Glenn, Capt. E.F. TANANA RIVER EXPLORING EXPEDITION. 1900 2.50 
Glenn. COOK'S INLET EXPLORING EXPEDITION. 1900 2 Re 
WILKESON'S NOTES ON PUGET SOUND (1870?) 2.50 
(Perry). JOURNAL OF A VOYAGE TO THE ARCTIC REGIONS IN H.M.S. ALEXANDER, 

1818. (1819?) 6.00 
BIENNIAL MESSAGE OF WM. M. BUNN, Governor of Idaho. 1884 2.00 
MACKENZIE'S ROCK. Exploration of Sir Alexander Mackenzie. 1905 2.50 
Williams, L.R. OUR PACIFIC COUNTY (Wash) 5.00 
AARON LADNER LINDSLEY..Founder cf Alaska Missions. 1.00 
Evans, Elwood. PUGET SOUND: Its Past, Present and Future. 1869 2.50 
Campbell, Robt. TWO JOURNALS, 1808-1853. 15.00 
Bernhardi, Madame Charlotte. MEMOIR OF THE CELEBRATED ADM. JOHN de 

KRUSENSTERN. 1856 5.00 
McWhorter, Lucullus V. CRIME AGAINST THE YAKIMAS. 1931 4.50 
Lupton, Chas T. OIL AND GAS IN THE OLYMPIC PENINSULA. 1913 4.00 
Seward, Wm. H. THE ADMISSION OF KANSAS. A Speech. 1860 250: 
Stevens, Issac I. PROCLAMATION OF MARTIAL LAW. 1856 -50 
THE GLACIER - Tlinkit Training Academy, Vol. II. 1887 ote 
Hills, Rev. E.P. REV. AARON L. LINDSLEY. 19) 
SWANTON'S HANDBOOK OF NORTH AMERICAN INDIANS, Pt. C: Indians of Alaska & 

Canada. 1952 : 5.00 
Ward, D.B. ACROSS THE PLAINS IN 1853. 1911 3.50 
MacDowell, Lloyd W. ALASKA TOTEM POLES. ‘ B25. 
MacDowell. A TRIP TO WONDERFUL ALASKA. ‘ 2.00 
MacDowell. ALASKA GLACIERS & ICE FIELDS. ao25 


Shaw, Geo. C. THE CHINOOK JARGON AND HOW TO USE IT. 1909 4.00 


66. 
Gis 
68. 
69. 
70. 
Tdig 
(ee 
are 
74. 
75. 
76. 
a? 
78. 
79. 


80. 
6l. 
82. 
83. 
84. 
85. 
86: 
87. 
88. 
89. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97. 
98. 


99. 
100. 
101. 
102. 
103. 
104. 
105. 
106. 
107. 
108. 


109. 


110. 
Bo 
112. 


£43. 
114. 
1155 
116. 
217. 
118. 
119. 
120. 


L21. 
122. 
123. 
124. 
125. 
126. 
A27s 
128. 
129. 
130. 


i325 


132. 
133. 


134. 


PUGET SOUND COOPERATIVE COLONY. 1890's 

THE HEROES OF BATTLE ROCK, or The Miners' Reward. 1904 

Lampman, Ben Hur. CENTRALIA TRAGEDY AND TRIAL. 1920 

SEAL FISHERY IN THE NORTH PACIFIC. (Correspondence with Russia.) 1895 
Coolican, J.C. (ed.) PORT ANGELES. 1898 . 
Jordan, D.S, TROUT AND SALMON OF THE PACIFIC COAST. 1906 

COOPERATIVE PLAN FOR SECURING HOMES AT PORT ANGELES, Wash. 1893 
Hidden, Maria L.T. OREGON PIONEERS. 1910 

Stevens, Hazard. FIRST ASCENT OF TAKHOMA. Ext., 1876 

DEMOCRATIC AND REPUBLICAN Ticket For Washington State and King County. 1889 
THIRD ANNUAL COMMENCEMENT OF SEATTLE HIGH SCHOOL. 1888 

ASSASSINATION OF PRESIDENT GARFIELD. Newspaper Extra. 1881? 

PUGET SOUND CATECHISM. 1889 

iain KING COUNTY, WASHINGTON TERRITORY. Statistics & descriptive report. 
THE GREAT SEATTLE FIRE OF June 6, 1889. 

USGS Bull. 442-D. MINING IN THE CHITINA DIST., etc. - 1910 

Swanton, John R. INDIAN TRIBES OF THE PACIFIC NORTHWEST. Ext., 1952 
Sayre, Alex N. PUGET SOUND. Poem 1883 

Bell, W.S. OLD FORT BENTON. 1909 

Meany, Edmund S. INDIAN GEOGRAPHIC NAMES OF WASHINGTON. 1908 

Swanton, J.R. INDIAN TRIBES OF AMERICAN SOUTHWEST. 1952 

Swanton. INDIANS OF MEXICO, CENTRAL AMERICA AND WEST INDIES. 1952 
USGS Bull. 836. SELECTED LIST OF USGS PUBLICATIONS ON ALASKA. 1930 
Lewis, Wm. S. EARLY DAYS IN THE BIG BEND COUNTRY. 1926 

Stoney, Geo. M. EXPLORATIONS IN ALASKA. 1899, Ext. from US Naval Inst. 
Lindsley, A.L. SKETCHES OF AN EXCURSION TO SOUTHERN ALASKA. 1881 
Collins, H.B. ARCHEOLOGY OF THE BERING SEA REGION. Ext. 71933 

Ray and Murdoch. A VOCABULARY OF THE ESKIMOS OF POINT BARROW. 1885 
Andrews, C.L. STORY OF SITKA. 1922 

Matthews, Washington. NAVAJO WEAVERS. 1884 

Dawson, Geo. M. THE HAIDAS. 1882 

McClintock, Walter. FOUR DAYS IN A MEDICINE LODGE. 1900 

Barbeau, Marius. MODERN GROWTH OF THE TOT#M POLES ON THE NORTHWEST COAST. 
1939 

SCRIPTURE SELECTIONS AND HYMNS IN HIDATSA or GROS VENTURE LANGUAGE. 1906 
Baker, MarcuS. GEOGRAPHIC DICTIONARY OF ALASKA. 1906 

Lee, Charles A. ALEUTIAN INDIAN AND ENGLISH DICTIONARY. 1896 

Shaw, Geo. C. VANCOUVER'S DISCOVERY OF PUGET SOUND IN 1792. 1933 
Seward, Wm. H. SPEECHES in Alaska, Vancouver, and Oregon, 1869. 

Rees, J.E. IDAHO: Chronology, Nomenclature, Biblio. 1918 

Smith, W.C. THE EVERETT MASSACRE. 1916 


PLACER MINING. 1897 
Ross, Clyde P. THE VALDEZ CREEK MINING DISTRICT IN ALASKA. 1933 


Stevens, Isaac I. TREATY BETWEEN THE U.S. AND THE DWAMISH, SUQUAMISH, & OTHER 


ALLIED AND SUBORDINATE TRIBES OF INDIANS IN WASHINGTON TERRITORY. 1855 
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Stevens, I.I. TREATY BETWEEN THE U.S. & THE NISQUALLY & OTHER BANDS OF INDIANS. 


1855 
Stevens. TREATY BETWEEN THE U.S. & THE YAKIMA NATION OF INDIANS. 1855 
Stevens. TREATY BETWEEN THE U.S. OF A. & THE MAKAH TRIBE OF INDIANS. 1855 
Stevens. TREATY BETWEEN THE U.S. AND THE INDIANS OF THE WILLAMETTE VALLEY. 
1855 

Densmore, F. STUDY OF INDIAN MUSIC. 1941 

Harriman, Job. THE CLASS WAR IN IDAHO. 

Ranck, G. PICTURES FROM NORTHWEST HISTORY. 

Whitaker, R. OVERLAND TO OREGON. 1906 

Krieger, H. INDIAN VILLAGES OF S.E. ALASKA. 

Gatschet, A. THE KLAMATH INDIANS OF SOUTHWEST OREGON. 1890 

Crane, W. TOTEM TALES. 1952 

Bate, J. THE SECOND BOOKE TEACHING MOST PLAINLY AND COMPOSING OF ALL MANNER 
OF FIREWCRKS FOR TRYUMPH AND RECREATION. 1635 

James, G. PRACTICAL BASKET MAKING. 1917 

Whorf, B. MAYA HIEROGLYPHS. 1941 

Dall, Wm. MASKS, LABRETS, AND CERTAIN ABORIGINAL CUSTOMS. 1884 

McCurdy, J. CAPE FLATTERY AND ITS LIGHT. 

Wilhelm, Homer. THE SAN JUAN ISLANDS. 1901 

Gaerity, Jack. BREAD AND ROSES FROM STONE. 

Smith, W.C. WAS IT MURDER? (Centralia) 1922 

HISTORY OF OWYHEE COUNTY. (Idaho) 

Evans, Elwood. WASHINGTON TERRITORY. 1877 

Delaney, Matilda Sagar. THE WHITMAN MASSACRE. 1920 

Hubback, T.W. TEN THOUSAND MILES TO ALASKA FOR MOOSE AND SHEEP. 1921 
Wilson, Katherine. COPPER-TINTS. 1923 
Coleman, Edmund T. FIRST ASCENT OF MT. BAKER. 


1869 
Hodge, L.K. (ed.) MINING IN THE PACIFIC NORTHWEST. 1897 


Ext. from Harper's Monthly. 
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Hodge. MINING IN CENTRAL & EASTERN WASHINGTON. Ext. from #134 

Hodge. MINING IN SOUTHERN BRITISH COLUMBIA. Ext. from #134 

Stallard, Bruce. ARCHEOLOGY IN WASHINGTON. 1958 

Lockley, Fred. ALASKA'S FIRST FREE MAIL-DELIVERY IN 1900. 

Strange. JAMES STRANGE'S JOURNAL AND NARRATIVE OF THE COMMERCIAL EXPEDITION 
FROM BOMBAY TO THE NORTHWEST COAST OF AMERICA. 1928 

Hathaway, Ella C. BATTLE OF THE BIG HOLE. 

Haller, Granville. SAN JUAN & SECESSION. 

THE KLONDIKE NEWS. Vol. 1 #1, Dawson Newspaper. 1898 (Alaska's rarest 
newspaper) 

JOURNAL OF MEDOREM CRAWFORD. 1897 

OCOSTA! The Ocean Terminus of the Northern Pacific R.R. and Coast City of 
Washington. 

Sutherland, T.A. HOWARD'S CAMPAIGN AGAINST THE NEZ PERCE INDIANS, 1877. 
1878 

Matthews, Mathew. THE CATLIN COLLECTION OF INDIAN PAINTINGS. 1890 
Lockley, Fred. TO OREGON BY OX TEAM IN '47. 

Lockley. VIGILANTE DAYS IN VIRGINIA CITY. 

Judson, Katherine. MYTHS AND LEGENDS OF THE PACIFIC NORTHWEST. 1910 
Whiting, Dr. F.B. GRIT, GRIEF AND GOLD. 

Amundsen, Capt. Roald. TO THE NORTH MAGNETIC POLE AND THROUGH THE NORTHWEST 
PASSAGE. 

Butte Businessmen's Assn. BUTTE, MONTANA. 

Immigration Aid Society of Washington Terr. NORTHWESTERN WASHINGTON. 1880 
Denig, Edwin T. INDIAN TRIBES OF THE UPPER MISSOURI. 1930 

Buckley, Rev. J.M. TWO WEEKS IN THE YOSEMITE AND VICINITY. 1888 

SPEECH OF THE HON. R.C. WINTHROP OF MASS. ON THE PRESIDENT'S MESSAGE (on 
admission of California) 1850 

Marshall, Martha. A PRONOUNCING DICTIONARY OF CALIFORNIA NAMES IN ENGLISH 
AND SPANISH. 

Mercer, A.S. BIG HORN COUNTY, WYOMING. 

Moorehead, Warren K. PREHISTORIC RELICS. 

Merrill, Geo. P. NOTES ON THE GEOLOGY AND NATURAL HISTORY OF THE PENIN- 
SULA OF LOWER CALIFORNIA. 1895 

Georgeson, C.C. REINDEER & CARIBOU. 1904 

Hewett, Edgar L. A GENERAL VIEW OF THE ARCHEOLOGY OF THE PUEBLO REGION. 
1904 

Bennett, Wm. P. THE FIRST BABY IN CAMP. 

Coffman, Noah B. OLD LEWIS COUNTY, Oregon Territory. 1926 

Bebbe, Mrs. Iola. THE TRUE LIFE STORY OF SWIFTWATER BILL GATES. 1908 
Costello. THE SIWASH - THEIR LIFE, LEGENDS AND TALES. 1895 

Murie, Olaus J. ALASKA-YUKON CARIBOU. 

Meeker, Ezra. STORY OF THE LOST TRAIL TO OREGON, NO. 2. 1916 

Hanna, Rev. J.A. DR. WHITMAN AND HIS RIDE TO SAVE OREGON. 1903 

Hadwen, Seymore & Laurence J. Palmer. REINDEER IN ALASKA. 1922 

Geer, T.T. THE ROMANCE OF ASTORIA. 1911 

Williams, Lewis. CHINOOK BY THE SEA. 

SAN FERNANDO VALLEY. 1938 

PASADENA. 1938 

Ingalls, Maj. J.W. HISTORY OF WASHOE COUNTY, NEVADA. 1913 

Reid, J.T. & J.R. Hunter. HUMBOLT COUNTY. 1913 

Aston. ESMERALDA COUNTY. 1913 

London, Jack. THE GOLD HUNTERS OF THE NORTH. Ext., 1903. 
Wartman-Arland, Flora E. THE STORY OF MONTESANO. 1933 

London. THE ECONOMICS OF THE KLONDIKE. 

Bishop, Robert Sr. LAND IN THE SKY TOTEM. 

Webb, John S. & Ed S. Curtis. THE RIVER TRIP TO THE KLONDIKE AND THE RUSH 
TO THE KLONDIKE OVER THE MOUNTAIN PASS. 1898 

Librn. of Bellingham Public Libr. HISTORY OF BELLINGHAM. 1926 

VOYAGE OF ALEXANDER MACKENZIE. 

Chaplin, Ralph. CENTRALIA CONSPIRACY. 

Haswell, Robert. ROBERT HASWELL'S JOURNALS. 1788-89. 

Minto, John. RHYME OF EARLY LIFE IN OREGON. (1915?) 

Collins, Henry B., A.H. Clarke & E.H. Walker. THE ALEUTIAN ISLANDS: Their 
People & Natural History. 1945 

Simpson, Brevet Brig. Gen. J.H. CORONADO'S MARCH IN SEARCH OF THE "SEVEN 
CITIES OF CIBOLA." 1871 

Riddle, Geo. W. EARLY DAYS IN OREGON. 

VILHJALMUR STEFANSON. 1925 

Lockley, Fred. ACROSS THE PLAINS BY PRAIRIE SCHOONER. 

MacArthur, Walter. LAST DAYS OF SAIL ON THE WEST COAST. 1929 

Stuck, Hudson. THE ALASKAN MISSIONS OF THE EPISCOPAL CHURCH. 1920 
Steffa, Don. TALES OF NOTED FRONTIER CHARACTERS, SOAPY SMITH. 1908 
Meeker, E. WASHINGTON TEPRITORY 1870 

Denny, Arthur A. PIONEER DAYS ON PUGET SOUND. 1888 

Rowan, James. THE I.W.W. IN THE LUMBER INDUSTRY. 

Sayre, J. Willis. THE EARLY WATERFRONT OF SEATTLE, 1937. 
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204. Pelly, T.M. DR. MINOR - A SKETCH OF HIS BACKGROUND AND LIFE. 1933 

209. Flandrau, Grace. FRONTIER DAYS ALONG THE UPPER MISSOURI ; 

210. Flandrau. THE LEWIS AND CLARK EXPEDITION. i 

211. Flandrau. A GLANCE AT THE LEWIS AND CLARK EXPEDITION 

213. Flandrau. THE VERENDRYE OVERLAND QUEST OF THE PACIFIC 

act Harper, Frank B. FORT UNION AND ITS NEIGHBORS ON THE UPPER MISSOURI. 

- Burdick, Usher L. MARQUIS de MORES AT WAR IN THE BADLANDS 1929 

227. General Strike Committee. THE SEATTLE GENERAL STRIKE 1919 

231, ‘Sayre, J.W. THE ROMANCE OF SECOND AVENUE. j 

235. DEDICATION AND OPENING OF THE NEW CASCADE TUNNEL. 1929 

239. Van Olinda, O.S. HISTORY OF VASHON - MAURY ISLAND. 1935 

241, Hanford, C.H. SAN JUAN DISPUTE. 1900 

246. Walgamott, C.S. REMINISCENCES OF EARLY DAYS. 1926 

250. Wardner, Jim. JIM WARDNER, OF WARDNER IDAHO. 1900 

fee Brown, Col. W.C. THE SHEEPEATER CAMPAIGN, Idaho - 1879. 1926 

259'. Hornaday, Wm. T. EXTERMINATION OF THE AMERICAN BISON. 1887? 

264. Slauson, Morda C. ONE HUNDRED YEARS ON THE CEDAR. 

265. Jones, S.C. & M.F. Casady. FROM CABIN TO CUPOLA. County Courthouses in 
Washington. 

267. Andrews, Clarence L. WRANGELL AND THE GOLD OF THE CASSIAR. 1937 

268. Andrews, Clarence L. THE PIONEERS AND THE NUGGETS OF VERSE. 1937 

280. PORT TOWNSEND. 1890 

281. Gilbert, Kenneth. ALASKAN POKER STORIES. 1958 

282. Moore, James Bernard. SKAGWAY IN DAYS PRIMEVAL. 

283. Chase, Cora G. UNTO THE LEAST - A Biographic Sketch of Mother Ryther. 1972 

284. Blankenship, Geo. E. EARLY HISTORY OF THURSTON COUNTY. 1914 

285. Fish, Harriet U. PAST AT PRESENT In Issaquah, Wn. 1967 

286. Allen, Edward W. THE ROLLICKING PACIFIC; A Selection of Poems. 1972 

287. Allen. DANCING TALES AND OTHER FISHY JINGLES. 1951 

289. Chin, Doug & Art. UPHILL - The Settlement & Diffusion of the Chinese 
in Seattle. 

292. Harpham, Josephine E. DOORWAYS INTO HISTORY - Early Houses & Public 
Buildings of Oregon. 


Farlow, Dr. W.G. SOME EDIBLE AND POISONOUS FUNGI. 1897 

Gurdji, V. ORIENTAL RUG WEAVING. 1901 

D'Avenes, E., Prisse & Dr. J.C. Ewart. EGYPTIAN AND ARABIAN HORSES AND 
ORIGIN OF HORSES AND PONIES. 1904 

Freshfield, Douglas W. ON MOUNTAINS AND MANKIND. 1904 

Davenport, Cyril. CAMEOS. 1904 

Maire, Albert. MATERIALS USED TO WRITE UPON BEFORE THE INVENTION OF 
PRINTING. 

Liberty, Arthur L. PEWTER AND THE REVIVAL OF ITS USE. 1904 
Hammell, Wm. PINE NEEDLE BASKETRY. 

Frey, Clark, Vietch. HOME TANNING. 1936 

Browning, Frank. STEAM PLANT ERRORS 

Burdick, Arthur J. THE PROSPECTOR'S MANUAL. 1905 

WOODS DUAL POWER. (1902?) 

Hayward, Charles B. DIRIGIBLE BALLOONS. 1921 

Osborn, Henry F. THE ELEPHANTS AND MASTEDONS ARRIVE IN AMERICA. 
Todd, Mattie Phipps. HAND LOOM WEAVING. 1902 

Wilbur, C. Martin. HISTORY OF THE CROSSBOW. 1936 

Alexander, A.S. HORSE SECRETS. 1913 

Clute, Willard Nelson. THE FERN - COLLECTOR'S GUIDE. 1901 
Meeker, E. HOP CULTURE IN THE U.S. 1883 

Austin-Walker Sales Co. APACHE BEADWORK - Instructions and Designs 
Holmstrom, J.G. SCIENTIFIC HORSE, MULE & OX SHOEING. 1902 
Fickes, Clyde P. & W. Ellis Groben. BUILDING WITH LoGs. 1945 


Krausé, F. SLING CONTRIVANCES. 1904 
Murdoch, John. A STUDY OF THE ESKIMO BOWS IN THE U.S. NATIONAL MUSEUM. 


1884 

Mason, Otis T. THROWING STICKS IN THE NATIONAL MUSEUM. 1884 
CHIEF JOSEPH'S OWN STORY. 1879 

Mason, Otis. BASKET WORK OF THE ABORIGINES. 1884 

Llwd, Rev. Dr. J.P.D. THE MESSAGE OF AN INDIAN RELIC: Seattle's Totem 
Pole. 

Mason, O. TRAPS OF THE AMERICAN INDIAN. 

Meeker, Louis L. OGALALA GAMES. 1901 

Collins, Henry B. PREHISTORIC ART OF THE ALASKAN ESKIMO. 1929 

Eells, Rev. M. JUSTICE TO THE INDIAN. 

Willoughby, C. INDIANS OF THE QUINAIELT AGENCY, Washington Territory. 
1886 
Leon & Holmes. STUDIES ON THE ARCHAEOLOGY OF MICHOACAN MEXICO...1886 
Beckwith, Paul. NOTES ON CUSTOMS OF THE DAKOTAHS. 1886 
Eells, Rev. M. THE STONE AGE. 1886 

Allen, Lt. Henry T. ATNATANAS NATIVES OF COPPER RIVER, ALASKA. 


Yates, Dr. L.G. CHARM STONES. 1886 


1886 


SJI 20. Gibbs, Geo., Dr. Wm. F. Tolmie, & Father G. Mengarini. TRIBES OF 


WESTERN WASHINGTON AND NORTHWESTERN OREGON. 20.00 


SJI 21. Gibbs, Geo., & others. COMPARATIVE VOCABULARIES OF THE TRIBES OF WESTERN 


WASHINGTON AND NORTHWESTERN OREGON. part of SJI #20. 

SJI 22. Gibbs, Geo. A DICTIONARY OF THE NISQUALLY INDIAN LANGUAGE. part of 
SII #20. ‘ 1 

SJI 23. Boas, Franz. INTRODUCTION TO HANDBOOK OF AMERICAN INDIAN LANGUAGES. 
Ext. 1911 

SJI 24. Swanton, John R. THE TLINGIT INDIAN LANGUAGE. From Hndbk of American 
Indian Language. 

SJI 25. Swanton. THE HAIDA INDIAN LANGUAGE. 

SJI 26. Boas. THE TSIMSHIAN INDIAN LANGUAGE. 

SJI 27. Boas. THE KWAKIUTL INDIAN LANGUAGE. 

SJI 28. Boas. THE CHINOOK INDIAN LANGUAGE. 

SJI 29. Boas & Swanton. THE SIOUAN, DAKOTA INDIAN LANGUAGE. 

SJI 30. Talbitzer, Wm. THE ESKIMO LANGUAGE. 

SJI 31. Ewers, John C. EARLY WHITE INFLUENCE UPON PLAINS INDIAN PAINTING. 1957 

SJI 32. Fenton, Wm. N. CONTRACTS BETWEEN IROQUOIS HERBALISM AND COLONIAL MEDICINE. 
1941 

SJI 38. Remington, Fred. ARTIST WANDERINGS AMONG THE CHEYENNES. 1889 

SJI 41. Bagley, Clarence. INDIAN MYTHS OF THE NORTHWEST. 1930 

SJI 43. Mason, O. ABORIGINAL SKIN DRESSING. 

SJI 46. Thorne, J. Frederic. IN THE TIME THAT WAS. 1909 

SJI 49. DeSmet, Rev. P.J. NEW INDIAN SKETCHES. 

SJI 51. Mason, O. MAN'S KNIFE AMONG THE NORTH AMERICAN INDIANS. 1899 

SJI 53. Holmes, William H. POTTERY OF THE ANCIENT PUEBLOS. 1886 


SJI 55. Dorsey, James O. A STUDY OF SIOUAN CULTS. 1894 1 

SJI 57. Mason, O. POINTED BARK CANOES OF THE KUTENAI AND AMUR. 1901 

SJI 58. Mason, O. ABORIGINAL AMERICAN HARPOONS. 1902 

SJI 59. Hough, Walter. THE LAMP OF THE ESKIMO. 1898 

SJI 61. Drucker, Philip. ARCHAEOLOGICAL SURVEY ON THE NORTHERN NORTHWEST COAST. 
1943 

SJI 62. INDIANS IN WASHINGTON. 

SJI 64. Steward, Julian H. PETROGLYPHS OF THE U.S. Ext. 1936 

SJI 67. Shallcross, V.W. AMERICAN LANGUAGE IN THE KIRILLIC ALPHABET. 

SJI 68. Fletcher, Alice C. HOME LIFE AMONG THE INDIANS. 1897 

SJI 70. Teit, James & Franz Boas. SALISHAN TRIBES OF THE WESTERN PLATEAUS. 1930 1 

SJI 70A Teit & Boas. COEUR D'ALENE INDIANS. Ext from B.A.E. #45. 1930 

SJI 70B Teit & Boas. THE OKANAGAN INDIANS. Ext from B.A.E. #45. 1930 

SJI 70C Teit & Boas. THE FLATHEAD GROUP. Ext from B.A.E. #45. 1930 

SJI 75. Mason, Otis Tufton. A PRIMITIVE FRAME FOR WEAVING NARROW FABRICS. 1901 

SJI 76. Millikin, Linna Loehr. PINE NEEDLE BASKETRY. 1920 

WI 77. PURPLE DYEING - Ancient and Modern. 1840's 

SJI 78. Austin-Walker Sales Co. APACHE BEADWORK - Instructions & Designs. 


NOTE TO STUDENTS AND COLLECTORS 


Many scarce items turn up in antiquarian book stores only once. And while such 
works are in great demand, the high prices usually commanded by the older, scarcer 
items put them beyond the reach of the average student and the small collector. To 
meet this need we are bringing back into print a diversity of Pacific Northwest and 
Alaskan historical material which we are selling at moderate prices. In their ori- 
ginal form these bring prices ranging from $3.00 to $100.00; some even higher. 


We limit most reproductions from 25 to 100 copies and reprint as the demand 
warrants. The books have heavy paper covers. They show both original and reprinting 
dates. Regular library and dealer discounts granted. For detailed descriptions of 
these titles send for Shorey's Catalog of Publications #3. It also lists future 
Shorey Publications. 
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